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SY¥OPSIS 


Rare Earth. - Cobalt intemetallic conpoimds represent 
a new class of materials with excellent permanent magnet 
properties. But, the hi^ raw material costs restrict the 
application of these magnets to limited fields. The use of 
rolativGly cheap raw materials, mischmetal and iron to replace 
the individual rare eanth elements and part of cobalt is very 
helpful from an economic point of view if a compromise with the 
magnetic properties can be made. With these points in view, 
a study nf the MM— Co— Pe system has been taken up in the present 
investigation. 

To establish the different phases that exist in the 
MM-Go-Pg system, the phase equilibria work was carried out. 
Alloys of different compositions were melted, under purified 

argon atmosphere, in a non-conaumable tungsten electrode water- 
cooled copper hearth arc melting furnace. A gas purification 
system was fabricated and used for purifsring the argon gas. 

The as cast alloys were sealed in evacuated quartz tubes 
( 20x10"-^ mm Eg) and annealed at 900°C for 4 days. The annealed 
alloys were used for metallographic and x-ray diffraction 



analysis, Nital etching reagent was found to he suitable for 
revealing the micro structures of most of the alloys, A 
diffractometer and a Debye-Sch error Camera were used for 
obtaining the x-ray diffra,ction patterns of the RE-Oo-I’e alloys. 
Besides the -^2^7 phase, two now phases, A phase and 

S phase, were found to exist in the investigated portion of 
the RE-Co-Pe system. The A^rj phase was found to deviate from 
the hypothetical -^2^7 line. The A phase was 

found to extend along the sane direction as the phase. 

The S phase was found to extend parallel to the quasi-binary 
A2B^,^ line. The A and S phases appeared to have structures, 
similar to tha.t of the BH^Oo^rj phase. The lattice parameters of 
the A phase alloys were found to be insensitive to the change 
in Pe content whereas these of the S phase were found to 

increase with Pe content. These lattice parameter variations 

could not be explained on the basis of the available data. 

In order to get a first hand information of favourable 

magnetic characteristics of the BE-Co-Pe alloys, the Curie 

temperatures and the easy axis of magnetization were determined 

for a few important alloy compositions. The Curie temperatures 

(T ) were determined by the induction method. The T^ values 
o 

of different phases appear to vary smoothly with Pe content. 
Among the investigated alloys, the Curie temperatures of the 



S phase alloys are the highest and those of the A phase alloys 
are the lowest. The easy axis of nagnetization of the S phase 
was detoroined in the sane way as the fibre axis dotemination. 
Magnetically aligned needles were prepared from powdered alloys 
and the z-ray pattern was obtained using a Weissenberg Canera, 
Etching of the alloy powder was found to produce good streaky 
pattern as expected fron a well aligned specinen. The nagnetic 
easy axis for the S phase was found to be along the c-axis. 

On the basis of the available data, the S phase appears to bo 
the nost pronising for pernanent nagnet developnent, 

Eor deternining the nelting points of the RE-Co-Ee 
alloys, an already available systen was converted to a themal 

analysis apparatus. Since a heater element of suitable gauge 

was not available, a two-layer furnace with a roon tenperature 
resistance of about 5 ohns was fabricated using available Mo wire. 
The furnace assembly was calibrate using standard samples of 
known melting points. Attempts to carry out thermal analysis 
of the HE-Co-Fe alloys were not successful becanse the furnace 
failed during thermal analysis of liE-Co-Fe alloys. However, 
several important observations regarding the operation of the 
apparatus and the melting points of the RBCo^ and HE 2 Co^,y phases 
have been made, !Idie melting points of the ternary type 

phase near the HE-Co binary phase appears to be alove 14-00^0, 
well above that of the binary compound. The melting point of 
the EEGo^ type phase appears to be below 1250°G, 
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GHiiP. Xc I 


^ 'nstc px i.-’riortant 8.'"c^ 8SOc: . -^■’ 

ir. ’crpy /^e‘'/~Lce^ wbo’e aa e]} cc1/x aayinob be 'u'ed* 
I’ic"fcerf...ls f .i"* "tLose nr nebu h." \,''e ccen dcvelo^^ed fno’"" "t-ie hi ’ 
carbon chro..'’iiur: &toels to in tnc preso't t ccptu-^ (l)<. 

Buj, Goie rcce tly, arotner cl; ss of i” ■nets based o"» 
rare earth- ^rnnsxticn netal cci yi ;.r, ontstandinj; 

x> oma.' out nr-^iot pr-psrtio&j ’''rt‘'e cone iiiti") cxisbettc©* iio 
sequence of events w’ ic'i n cd to t'-c develop -eat of these 
it.terij'T'j for pernareixt n. noj a . ^licatiox" s ea/* b-e listed 
ae follo'^s; tho dircovery, in 1955 hy n-’toinf Weiss rro. 
irombe ( 2 ), of bic f ei*ronr,^ nota s ^ of the report on the 
Saturation zaat^notization of G-d— Pe and Gg— G o alloys in 1 >5,. 

by liTcSbitt et al« C5)» tne xxoliabie ■i''ox’*v or Hubbarci^ Ao-an- 

and Giifvicli in i960 on t u psivionent naonsn ropertics of 
GdCo^ alloy (4)» and the disccveiy/ of an extrenely hiph 
aaLhoto crystalline anisotroay fox' YGo^ in 1966 by Hoff or ana 
Stmat (5), fho sio'^x propross iu t'J.s field upto 1966 ca’-' 
be traced to the nnavail ability of pure rare c 'rth nctaiy 
xji the ear'' y pcrio^Si^ their hi costSj tne lac,' oi un,iSj.— 
standi:'.' of* the paraJ'ietcrs thc't influence the zoaynetic proper ci 
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rcco^io-Zin , u^iCc^ pb one of r, fanily of ccjipoui'-ds, 

-ho d?.ecovor;'' of Hoffer "■nr) Str^rt, Js o'" even, t"''s foiio'ycd ’.ij?" 
extensive siudios to dctemirr tLs penmnnont n? ,net pnoportics 
of ti.e fa- lily of rai-e crxt 'i-traLiSition notal coiapounds, 

I’leso ooomids, p-irticnlaj*!./ !; le li nit ivne oaxtiT (at nos. 

57—63) - cobrO. I conv.oTin''S are re];>o"’t'^d to heve Iii ;li r-c''3''oit 
ma,3nosization av' coorcivi-y, 21' e I’sef'"'! i.'pjj’etj.c pauper 
of SnCo^ anc (Sn, P;*) Go^ ‘"Hoys ai’e comp'^red vitn tnose of 
the c oir/entionrl pcrziip,- ent regi.atic rateri:?.s lu fable 1*1, 

Host of todaj^o raro errt<'‘-tr;ii.si uion ncial pcrri. nenb 
nr ncto a‘‘e breed on S .Goc* -bay is bscanae of me fact 
that St^C©^ :v' , nets rith excHj ent na^jnctic properties cm jo 
fsbrn-cated reli.tivo?.y easily, ITovertroloss ifc has becottie 
incroasin^l.y apornront t?rt not a3 1 the properties a pe.mor- 
nent XL,' net are con,nlly important in a aven apnlication. 

For QXfmpy Q, in spplicstj ons ibh n rolr lively narro’'' rJ. '* yap 
T’liere tne ir-a^piot operasas at a hijh load line - 3/p^h. ( li-cc 
in. notors and ^-iencretors) , an extre-icly hio-'- rcsisfcance jO 
dGJiapncti^.ation is not necossa"*i> , As a, result, in such 
apniications, the potential of the SinCo^ sit nets is not cenp- 

letely utilised. Also, the rei.^tivcly hi jh price of sanrdLtn 

restricts the ^plication of SjaCo^ inrjnets to fields I'hcro 
the co'-ts arc detc’^minsd Ic P- oduction procc-sses ratfar tuon 
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TiLii: 1,1 


Fa/cotic Px-cpw/’to-cs of So!i.:) Selected Pei'rai’ZLcnt 


Main otic Hatert~l (l) 


”* '1'"”-^ 

t 

L^te^x^3 i 

l^roxcai. H 

a .nctxc Pronertie'. 

!B.C L 

1 

1 

! 

I 

1 

— -.- ^ - ■■■_. ,t ... 

nont I"duction 
Br, kG 

{Go erciveS 
t Porce « 

i -c» ’ 

: 

• . - . _ _i .. 

1. ^xi-e’ia Br .re'/: 
Product 

li&Oc 

3,5 perccnc Gr steel 

9.5 

66 

0.29 

40 porccct Go eteel 

IC.O 

242 

1.03 

ilnicc 1 

6.G 

540 

1.40 

4inico 5 

12.0 

720 

5.0 

Ami CO 5 

13.3 

665 

6.5 

Ainicc 8 

7.1 

2000 

5.5 

Alrxicc 9 

10.4 

1600 

8.5 

Gunife 1 

5.7 

590 

1.85 

Ounico 1 

3.4 

710 

0.85 

Ecnailov 

10.5 

250 

1.1 

"^xcalloy 2 

10.0 

450 

3.0 

P la tinuza-Co'b al t 

6.45 

4300 

9.5 

CccaEiic 

1) isctnopic bexiuia ferrite 

2.25 

1850 

1.15 

li) anisotropic bariuia ferrite3.95 

2400 

3.5 

.ii) aaiso tropic strontiun 

3.425 

3300 

2.9 

ferrite 

SaCo^^ 

s.o 

9000 

20.0 

CSa,Pr)Co5^ 

9.9 

6800 

23.0 


values fov t'-i?se nate^iais rce ouoted fro:?) r2tejQiice^i6^ 
and (7) respccti''’"el/. 


X 
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bv •■^Ziosc of t.'.e rc’/ f'hc ■'’ic.e"'" scope c’*’ t is .'’.e 'li— 

ee.tion of "•"are e''!r1;li-co''';v,it ne^r'iots req.iires t’ls raterlal 
coefs tc bo io.;crod, wbjic ro'r t of ■'■pacts specific 

<'-£'-' 1^0 tion oriented projeriiioo arc devc?,opod* I-Ia ,a.cte 
of so .leT'"^ u inferior pactic '-ualisies thnn tue b-aCo^ ina^ne'cc 
r’C'.Y t>is be s’Scfiil for vxrxyxb v plicccions, Tho Tire caertr 
c?t.e':3ncs occur tc eu^sc in f'c 0 ‘‘en !?}id at arooent it is t>„e 
cott of PC "oration tliat iijab'cs t'lc individua.b Lietals so 
oxT^eiPive, Since tL.e loi-jlaost rajuetic cualiciss arc not ai'uayc 
rei'.uircd , efforts are urder'a:* to rej?3.v,.cc sama 2 ?iin!i by th'. 
cheaper idLxtu *e oT rai’c eertns, tj'o :ai£ciir_ewal (ifi). fnia is 
of particul.r im-oortance to I'if"!!:, ■''mere vast deposits of rpre 
earths (in herclr sands) r^'c available, other corponoixJ 

of t-xs rare earth p^'.pietc, cobo2.t, is clso eapensive, parti- 

f 

cul -rlji' in Indi 3 because it h-s to be imported, Shore are 
indica'’xion£. that par‘0ia3. iron mxbstitution for cobalt iEmrovos 


the proneruies of cobalc rich rere earth-cobnlt alloys to 
some extent (0), Eence, s-fostiirution of Go by iron in i-lI-CJo 


ni;pacts, at least in pa^t, is crnccted 10 be a valuable 

con ^ribuuj-on toirards cost reduction. So, a t'xorou^i invosti- 
:-?ation of the I']i--Go-l‘o system -prs thought very essential ac.f> 
ha,s been talrea up in tliis invest i. -.avion. 
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1 . 3 , Li ‘j re Kevi e'r : 

TLo 'ten'’ Tinxe Brjrfc’i* ref ere tie 4-r-transi uior 
ele.ieros aioviic n"'"'be"<’e Leii cen 57 (Lantb-^iiur;) ojid 

73- (Lvieti -"i)* Tttriv’i (59) is '’leo 11101706(1 xr. tnic p 
l3-"C£-ure cf" its closo rc’sej'bi. rcc in propere5-os to tin ''o 
a"‘i-t'ic, C;ido3,3-;iirT (64) -"or t’ e Ax sliell ie ' ilf filled 

(^I'-idco X’ o "vrs is irco li bt (less L'i-n a'Lf ri3.ied) 

rnd ioair^ (no'-^c tn. i. I- 'If fillod) rcj.’c os^rtno. For 'die 3.ipl.t 
rr'i'c eertis t^.c orbital -’O-iciit L 'x.O tlio s liii iaomo’it S oro 
"-aitiprrcllel to each otacr so tl-fl tlic /* ear.lt ant lu pae'cic no 
ert hn.3 t’-'e 'a^nitiide J;jL-6| • On tra o'dicr krnO, Cor 

tile hzavi rare oert.^ii tlio oroital anc' spin xioronts arc poroLlcl 

ai'u J : |l + S I . fbis bohrviov. >■’ _n.s inpart''nt iaplic*’ oio'is 


for tne totni naiiiCuic iio-icnu of i#lie ii3-Co cciii7j>ounuS* 

In t.ioir cl omental fen, tee rare cart’is have vary 
intcrcsfcinp ms^inctic properticr, Sono of their physical an'' 
mr'.,iictic properties are 3.istod in fa'cie 1.2, As seen from 
the fa'bie, some of t.’ie cl ore .'ic like Y, La or Lu hove no 
pormancjit rn jiexic momont (in tkeir nsurlL v?j3,eiiGe state, +3) 
’'hilc others are mapnetic. Due to stron. i crj'stal field 
effects, t .0 ferrona'iictic rare earths also exhibit extre“i,--.l7 
hiji v'.ctccrystal3.ino anisotropy (9)* S'* a el.enont dj'sprosium, 

for example, has the '■iipkest ‘HioTr.: satvation ' 2 ‘'-,netizaxion, 
57,950 gauss, anc’ t ^e hi k'St oninxica anisotropy con-^tan , 
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= 10.9x10 er^/cni^ at O^Z, HoW^cr, t.'O in,.-nctic orC.e:^ x 
t o S3 ej CiuCt ’vC occurs orly a- lo' te-aperatnros, l!io ■'xLj‘’osi 
Crirx': tr fc.re, ?”noii ^ t'_o rrrc eart ’ onrnoS, is t."*''t 
Od, 16°C (2 Me 1.2), So, a'le -mre rare sa-tlis au’c o>^ no use 
for ccn\Cit:o‘M r.: jUstic p M-'-C'' oions. ¥Ii3t a rax e sartl. 
element a'’*”' a .lourl ^re allo;Qdto^?ei/ ler, a, 

n'u’flbcr of mtenaodiiMe f'aSGS ro>*a, liiese pZ^'Ses sZoTr fo'-'ro- , 

ferri- , or antiferroma pietic order at roor temperctizre. Sons 

of the f errompriietic _^*'usen s>ot 0 u:’ 2 .e conperrti’rcs of several 
hundred decrees cer_wiirade, 1^' r*jiy of these phizes tie 
rare earf'' Meronts induce a ha. r naiiaxLM crystal anisotropp 
\'hach iaa:cs those substances ir-i.crestir> . as hnrd mujnotic 
mrvcria'’>3 (<). 

She biii'JTj rare earth-transition netal syoteiaB have 
been studied for Mr_, 3e, Co and and lip piotic properties of 
various -o'lases femed her^c been determined to sec which of 
the BE-tranSitiOii rectal phr.ses are ox practical importance. 

In the case of HB-Hji systems, the t^u’ee phases, RS-!n^ 2 » 

end ItS-Jh 2 SBim^ coupoimd exists) have been found 
to exhibit eiiher u.mferrotic,pictic order or tiisy are ferre- 
r'la'jaeiJic wish Ouxic temper p.tures too low to be of interest 
for ponamont nafist ur.e (lO), In ti'C case of B3-«i sjstei'j, 
a varict;^ of ph'.ses EMi^, and other hi^h 

EE phases) fora but they h'^ve lo* Curie points (ll). 



0 




Ge~?e dx..,,r8Ji ii a’sc^n iii ^ , 1. 3.. -‘-"i- oxaer 3L~?r. 

d.ir., Ta'^fJ are reported to it vxr. , siiaiJ.rjr featui'es 
In the BJi-I'e s^» 3 tcme of Ge,lTd, Pr arc fc>r, rece„'^ irtvectip' tio' s 
xnCScc'cQ frt tie ExIFo^ ph-'es, wtdc’n nrre nropooed by eprlxer 
ir-vesti* "'rci’S, do exist. The ora. 3 ’' two pi.-ses t'>nc exxuu 

arc -uid Tro comoncds ^xc reported 

to 1' VC lii Saturation nr, nctisation rjaiaxial cr^stal 

s^^mctry, but tJicy have lo’- Guric points (I^-ri80 ) (33). 

T n crease t but the satur<---cic t nr 'iuetlzati or. drops. Pbuo, 
c 

RS-transi iJion met-'d conpomids of Tr., P’s and Hi ai'c not usefi^l 
for ooriaar_ont najnst app3 icatioi.*^. ^hc RB-Go alloyr, no.' over, 
show ir;r:netic chrr*actoristics (indicated later) which are 
attractive for porraanent laajnet apolications, A3.so, there OiC 
indic'-tion^s t’- t addition of Pe !;o sono of tae RS-Co compounds 
improves tneir magnetic characteristics (8). 0:b&s,cven tboufjh 
toe RB-Pc aHo3?G are not innortant for permanent mnjnot 
a 'Plications, BB-Go-Pe alloys may bo auite pronisinp. 

She RS-Go c^'stoms arc tho most '^’^^idcly investi :ai/ed 
ones amony tie RS-trancitlon r^tal s-'stsj.s. Several of ti.c 
binary RB-Go nhase diiyrars (fev RB = Go, La, Pr, Ld and &i) 
are f^ivea in Pigs, 1,1 to 1,3, As shoTCi in f'O figures, all 
ICC bin ry RB-Co systems show the existence of RS^Co.^, RBCo^ 
and phases and oeverol ^±3- SB-Go phases, Phosc n,'3 
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FIG I 2 PHASE DIAGRAM OF THE Pr-Co SYSTEM (15) 
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Co p'"' ’-/-o a ver„ nc,^OTfT phfsc r iioii. Or-lj" 

RBOo^ an'" R320o^fj coiapo'nnds fc:* Go cno Sr* rro reported to La^^o 
-ai". a^.^preciablo homo jOneitj’’ rspicii^ tlio -IBCo^ homojCi’Oi'Ci'' 
rc -io" oxtCx'ds toir? 2 ?ds bic'^’icr Go concenfcr. tions XT'.isroos t j 
iiLpCo^^ I'-Oiiio :je-''.eity rc Ion entor/'s “o’-'ardc* concerJ;r tio "■ 
poorer ir Co (l6,l7). Som or" fihOo^ corpouous arc rci-ortcc 
to dcco .po 'c entcctoitlall 7 irto -in^Co^ and xtS^Co 


2 7 2 '"17 ' '• 

t or per." varcu* For ^xamplc, SnOo^ deconpceco nl 750^0 (l3). 

Even thwaa'"' Bncclio '■ (l8) ha^ reported tr-t ^x_3 of 'er ELGo^ 

o'loseo a1 CO clcocmoocc ac Ic' tciporamres, iiop (3.9) covld not 

Xind any oviderce o? it. 2i c EE2^0j tjve compounds uo>; 13 p 

cryet'3 3.iro rr the h'^xa,,on'''l 00211 !^ '^7"'s str.icftro x^rth t _e 

exception fort La^Co.^ has 'oorh a oxa,,^on"-l end f onochodral 

polymorpJeic straefores (20), An fio iiEGo^ conpourds h^x 3 
hoxaponn CaCu^ typo structreree xeh^rcas the HS^Oo^,^ compoiuids 
x’SuclXy have rhonhohedrrl Sh23n^Y stTnictLircs . Sm 2 Co^,^ 

rnd 0 g 2 Co^Y, ho'rever, h'-vc borl: hexa^onfQ. (bi.'p'i temperature) 
end rbonbohedral ‘I}li 22 n^^ str’jictvr’GS (12), Lattico 

const anrs and structural cfu-'acu eristics oX Done or t fC M,,!"' 
Co eonbai. ir.^_, phrjsee, IlB 2 Co,^, ESCc^ and ilEgCo^^ are liLtod 
in S' hie 1,5. 



ML-! 1.5 

Latuicc Conetan'vS rnd Stri’.cti\i'’cwL Obaraotcri-'t^-ec of &Oii. inport-nt ia»jJ-Oo PLrso'J 

(i5,1^»20,56) 
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Hcxa o^i 'i OaOu.^ si;r-. ct-^rc of iii-Oo -"TIo:-- 
oo:.5i2.r'i;s of infi’j-uO s'c- , so'_uCiivie of c o difforc 


laycrn o- '' tonf^ in tno dir-'cction of I- c c— . ^ 


hoxa'P -1 


B.~T''n _ of Ck) ruC’'iS folio od 'bj/ r iined 3 of md 

Oo ftoji- os Ebown 5*1 _ 3 , I.4(n). fho h€xa,',oiial coll of 

nh'/'e ccT'ooinc 3 jcho-fDObodin-f. imii vOc 31E 1.4(b)), flic 


s-br'ctnrco o 


co'ii'oouiids in j] 0 rc-n e imOop to rj 


can be dcri'ved fnon tn*- Loz;e. ^encl iiuOo^ etiTj^ctiinc (ll» 22 ), 

$hc node of fonmr.uior. of fexi ^o’ ?t and x*hoTabo’icd2*rl s«mct'az*c .3 
o" txzo HSgCoy and 112,2^0^7 cc^pounds from tl o BBGo^ stnzctono 
i& set cn-tj coID-jT s in ?i.^. 1 , 5 (a) rn'’ (b). 

Before ciecxissin, tnc na iiotic prenorties of tlic 
rrre oor-;;!'' allege, it -rin ‘'-c of interest to rcc'ill vJiicb, 
cocbin''tioi of properties q.nn.ii_ics a f errowi., tiotic siibe f'nae 
for ->so as oemanent na .net.ic ueteriLl. Birst of all, i ^ 
nrve a hijz saturetion ' _netiz-ation, ilg, at roon 
tenp'^rj^ti'.rc so t^'''t it cp^_ prodrcc a roiancnt flux (^j^) 
u 5 efnl T- ;:\it-ade, fko bbsoroticrl upoor limit oi tbe onor 
nreduer (t‘'3 sa.xiiiria’ value c? B 2 H in tao second eua-draot ef 
tl c hj^slsrisis loop), ( 3 H),,.„ = ( 2 kII_)^ in C.u.S. units, i-^. 
r?.so detcr^'ined by ilp, Secon', tic Curio tenper^ture, 
iiiusi be bi._h, finally, it lO .necessary t*'a'c 'fn: intrinsic 
coercive force be suCficisr-tly I'ljli, 2iame3.y, > 2 icli^, 

oo a close appro ' ell to tlie tneoretierj. ©icr^i'' prcc.net. 




F13I4 CcCus 
UN)- CULl , 'b' 


"yPF S^PJCTjkE 
RnCf/BCHEDRA^ UN 


(a: hiEXAGONA. 

' . OLw 4« I -t i 
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Hex Rhomb 
RE2C07 

(q) 


Hex Hex Rhomb 
RECo^ RE 2 Co ^7 

(b) 


, I 5 MODE OF FORMATION OF HEXAGONAL AND 
IMBOHEDRAL RE^ COy ALLOYS OUT OF THE REC05 
*UCTURE : la) RE2^*^7 ALLOY , C b) RE 2 Co-17 ALLOY. (11) 
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Accordxn 'icc'cm 30/ ce_. j d'? ■p 3 X^Lpz-*cr.c s.ic’i 

coorol 'o fo ’COS are only expected of a. scbotr’ico ” -io'i 
lips Y:rj larf^e laa^^'otocrystaO l 3 o an.isotrop5’' (dotori'iinod by 
t,,-; a__isotrooy field, F^) and a. sin le easjr axLS cf 
bio!'>. 


The st'adios of Uassau, Olierry and waj^iace (23) and 

ITesbift ct nl (2^) on bno ';en-ocrntnx‘e depcrdence of nniacti- 

aatj-on fcr RBCoc connomids rc^ ■.•=l^d bxio different tyoos o'^‘ 

b 

bf'b.’' ■572-01'’"’, For X anf" the lifht rare cartus, tao n- ncbization 
xacroased 'witb decreasin • tenperr/ouro ’•awncas for e-d and 
t’lo hoar^' rare earbns, the i-virxiotizatxon decreased ■'.'xth 
decreasin, temperDtr.-’e, ilcse obseinrabions are consist c a’';: 

’ if- t'v; idea that tic sna-' of the rai*e eart.h atons aivays 


ccireles an'i/ipexallol wibh -o'-ab of f’e cobalt atojas, 'ILiu> , 
in the light rare Oortb eUoys, the total noment of tlio HS 
(J = } 1-Sl ) odds to t- t of t> c cobalt loadin^ to hi;^her 
mponetization values, Bift, ir t’"’C Gd and hoaiy' rare earth 
alloys, t-io totad rare ear-oh mcrier.t ( J s= j lri*b | ) is arbi— 
parallel to that of cobalt leading- to a two sub-lattice 
f errinagnetisn t>ie associated lowering of tho total 


eiaFiotizatior, I'hus, the strongest nr pee tic ncments are 
obserit'ed in alloys prep -’ref 'd.f'' tne largest ra"’e earths or 
even w:. Gj. the non-Ha nctic Y, 1 * is sho'^. in Fig. 1.6 
in ■Kbich t'»o appi’oximbe values of the saturation induction, 
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A-%1\ 




Rh^QOrj 


•d K 


■ 


r'llo:’” are plotted 


jT^-iiction 0 C t' 0 r^xe ea 't < If tde Ra— C c .ip. piers a‘e Ic 

coroe Je wxl’-' t'ic existiii-j "Inicc >1 jni^trj, lo''’ cxwaplc, tic 
satura jxor ir.cluction ar rc^ii te. pcr^ture c" tLo SjS-Co 


cc'T.pnunds ircst reocli at least 500C C uss, ?ror. xi * 1,6 ij 


tolloirs, f’C-j, r V '0 t>' : corveiiait jro’ip oC conpounds l' .-Iteu 

t.'i t' c and RECOr- cc-'TOO’vnios of Y nd tjo lx , t rri o 

2 17 5 ■ 

cartl'i, Inciden ^allr» these c crpoimr’ s ? ,^o h ve r-i, jn Gu d 
to-i.per^.trres as is chovm. Ip Fx . 1*7, 

lie iiapnotic nreportira o'* tc^* useful RhCo,- 

- " p 

conpoxmds rro listed in Ir tic 1, 4* As ii licated x:i the 
table, tre EBCc^ phases h“ /a verj’- lexgc (irx.sest l'aio''.5n) 

Lia pn-^to crystal? Xiic anisotropy V'' 2 ,u.Cw (as siio’.ni by the T,arje 
anisotropy xioids) and subctrjitia? values of saturation 
n ’.pietization at roor temperature. Ihcy also have u.ic dosi"%ble 
easy c-azis rc'ijTirtic symmctiy. Permanent iiajnets based or 
these materials have noir bcco a-^de ith prcvi.oa.iiy unatt'dnahic 
ccercivitics and ener,< 5 y products. But, only m tne case o'* 

SraCo^ cenpound, sner'^ product c1o‘Jc to the theoretical, 
limits b"S beer, acliiovcd. As for osa-iple, I*as (6^'' hoc 
rcoorted a (BH)„ _ value of 20i:(j0c for Dic^uid pli-sc sintered 
SnOo^ alleys uhic! i > very c?,osc to the t'leoretical value. 

p 

In the case of tlio other HBOo^ compounds, furtliee vorn has 
to be done to I’ealize the t- coretical values of (3F) * 

niwSi. 




FIG I 7 CGWt TEMPE=?AIGRES OF SEVERAL 

rare earth :T) cobalt (Co) PHASES ( 2?) 
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Eai^ctic Proportions of PECo^ Gompounds (i) 
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Oomperativcly l'.ss cjio<‘nt of hrs b'e doi.' oi' 

tao f of ‘ictn "•v'OTri f-c iLZ^Oo^rj coi'3)o-'ja'*R. 

Bvci’ b'no.. 1 EiigCo^ Y cc'-‘'^I>ovj,iuS > iir.; £:a,'’jur‘ ^z.on i 

tio.ns r ' 0 . Guri i:c:''p x" yji'-ci‘ cc'iprx'od tf u' .. corroxpt .'f't.p 

E5Go^ cc)ipoiL.iC''^i (j?3.,_'G, 1,6 'j>d 1.7), offortx rt prcd'cicx.. , ■ - 

note .x'CDd proj?e '’tics fr' .c co“r»o;ir'ds ".i:*: 


uixsuGo :.:srul. 


: ic 'bre ■i 


c o C tAc fact xl 'G £'^2^^2 ■-/ 


CvO.rtpo'Oi'ids of li p‘l T'-rc r j:’tPs Y, cxcoptii' £>'•'12^0 
exhibit opEy Af'^Aotizatioia dij ictiors 0x1 tli^ onsel 

er>d slio^} or pxv aticnd.13’' j.o '"_il^iotropy (26), S 2*^°x7 

..xiiiox viX ''’^'>3’’ c— axi - li'-jaxvij. rxid also has lix }' f’riootropy 
(^'a = 1^5 XOo) (27). Cor.so 'xn^uZl", Aacl of fto ; ori: doixc cii 


tlio R}i^ 2 ^'^i'j coapoiTL'-’s has 


^±V-\ V'c Sm^Co^Y compound. 


Initial rooul-fes incic-ilo xn-t tl"'o procodxiro ei!i'0lO3’'cd in 
f rJ'^i’xcr binj tlio ilaCo^ tjrpo nets nr3 not to ap^'llcobio 
for tbc f-^ brio' vci Oil of nr^n^ts fro'^ tro ccmpo'ond.s ( 2 ), 

Ihic is probably boemso ox" Ui?. fret Gix. t tl o iiJS2®Oj7 
corapoimds arc not e s brittle as the iiSCo^ compour.ds ani t.'c 
process of pos'derin^ causes ncchxnicrl dai-^c of tl.c sux'f jc 
layers of tnc particles ( 28 ), A'z prefer i^rvestij. tin? x ; 
"oin^ on in severrj. lalox'*r,tori 3 r abrorcl to f? .d ' fcbx’icr- Gic.. 
procedure for tlicso xtS^Co^,^ compomids go acliiove better jic nctic 
proportics. 
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■i'.nlrcein., t> of r. o 11 A'J ^:j '.'O 


JiE'Jo- ccnjoTic 


'o h'c" sticr.’d foi* /jt: iiiii- 'octtoa* 


iC 


,irD'^>o/'vxo,;. xla-cii see C'l/- 


'(/■■'lios it is ■••'o%-wrl d 




2E 1 - 1 'cc sno-cLcr iji ■:- 3 jBGo^ strr.ctoe ai-cl r, lo ' li It 

RE rxciR vjena ir^c Td, Pr i'-Di’nvs loo r.- -i;cic cii r'ctr.r- 

i.-'bios G\'. RRCo^ alloy-' Ro.j oxai'plc, .r ".i-.-'X-j r)-*od.3ct 
of 23 I/rOe I'^s loeii i'opo:'*t d " - t' c (Sr.i, Pi'*) Go^; "‘llcp (7) 


S.-GOp- cllo^ xl is onis- 20 RSOo (6). ITc eiv:> 
5 J< 


' icr 0“^ » i <’ w f 

tuoioa 0-0 r-port d '1; * ux-., ocripotuids 


i'orr.'' 2 * 3 r alio;'.' of jsB^ o «oic’ ionotx*/ xnvoiviii^ o ->r- 

tirl 1*0 'ir cons' 'G of co'onlt op' oi_o (n.oo*-f Oj'ot’oei ox* G' o 

(one non-foi*x*oneL,;--otic ol' or -Corroria./r.^bic) tr'int i bion 

EiGtjis of the iron grou.p hsi-ve also been iiivcSGijetcd fo:.- 

realizinn bettor zar ixstic properties, Extra ordir-oorily hi'h 

coe'ocivc fo'-’ce vaO.tics h' re boon aoVdeved for the HE C^O-i„x^-x ^5 

a^.loys by a sclrd stau© precipatatior. o? tlie jx-''j'iotic RSGc^ 

phvOGc in a non-no ,in otic SSGu^ ua'Gri*. Eor example, as cast 

&r,iCor- sa-T'OcG have coerci'vi ties loss than lOOO Oo whereas 
b 

t'' 3 as cast &t( C o ^Ov ),- allo 3 ’’e wirli gc= 0,5 to 0*4 ^lo-ve 

1— X X 0 

coc-civitj.es as hx/p-. as lO,50C Oc and iu is f-ertlnr improved 
to 28,000 Oo a-fter annealin., at 400^0 (29). Siidiar xmprove- 

x'\aiil. in coorcivitj' has been reported for tr^. Al seb'Gtiti-God 

EEGoc alleys (29), While the cuercivlfc^r increases dc'3 to the 

5 

addition of nox_— lar ^notic e"c'.n_ijS in RBCo^ pnisc, the 
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rc”’:uicr_co i'"- Topoi’i/ed IjO decreass d.ras jxcad 1 / (c*o* 9^0^ 
for Sr^Co^ to lOOO Gauss fur SnOoOu^ ) bccazse of tr.o dilution 
of t>.o T,-.rix t ?.3 nou-n- jactic copper or r- 3 lumrdun (29). 

S. 11 additions of irr-i fo tie Oa nodifiod S-r-Go^ coripou-ics, 

hovever, ore ropcirted to xroroaoe saturation m do:i 

o 

as I’oll as coercive force. For ej^amplo, tr. oruicalcd (/.25 G, 

/ hrs) :rrpound Sr (Cu^^ srored a coc'-civc force 
of 10,000 Oc IS 4000 Oo ’-i ior f.rn tn t of tue coroes- 

aerdirj cc'po’ond out^ou-t iron addition, fhc scfouo'otxon 
induction (5900 Gauss) of tiic Fc contaxninf alloy is vX^o 
’liS’^xcr (by eboat 500 Gauss) t'le: tfc alloy ^^itli no Fe (29). 

Several ’'enters tri.d to re'place cobej-r by uro 
relatively cheap arc ah-ondant 3d transition raotad. , iroi., 

3 uu ••'o eyetex^nvestijation of tnc phase cKiuilxhrxa in the 
iiS-Co-Fe s^stoEi has baa. publisb ..d. Only a fc- -feox.i-ers h. /e 
inveoti ated the liri‘js of exteerion of rho HBCo^ phase o" 
addition of Fe (30). Fron tnoir res’Hfcs it a-poars that the 
so called poGudo-binary conpounos - RSGo^ uith Fc, are 
unctabl 2 his .xiay be because of the fact tlmt there is ro 
oonpetod oorror.pondini to BBC 05 in tho SS-Pe oyrtor. (So;. I.l) 
Bnoo^'on h =5 invosti nted a li-ninca oonpo-itior. r' 0 i.!O O'- t; 
Sm-Co-Fc syster (30). Ho obsev^ed cn increase in saturation 
iiotlaatlon (92 eT^S fo" &C 05 to 117 oW:, for S.-JoOo^_,) 
.-.r-a a deoroass i'l iiitri)i-;io coorolTe ioxe frc.” 18 KOc .0 
10 SOe fo- a 1 h:-. bpai -lillod i- tcrial. llcrevor, on 
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continued lall nllling of the natenal, the coercive force 
was reported to increaso to about 14 KOe, a value very close 
to that of jSmCo^. Ihus. the iron substituted SmCo^ conpeunde 
have soine^xhat bevter magnetic properties than the compoul^a 
without Pc, 

ITo phase equilibria data is available for the subs- 
titution of Co by Pe ir compounds. Ray et al (3l) 

havo montionod that extensive solid solutions exist between 
and EB^Po^r^ phases at high temperatures, The 
RE,j(Go. Pe )-j.r 7 phase, however, goes through an eutectoid 
transformation and at room temperature, stable 

RE J Co Pe ) „ phases are restricted only to the noighbour- 
2^ l-x X' 1 / 

hood of the binary compounds. They observed that the 
RB-( Go Pe )-,r 73 however, can be retained in a metastable 
state by quenching (3 )*> Magnetic measurements were cariieo 
out with the metastable samples of the ^ 1 ^ 2 ^ *^^l-x^®x^l7 
in which x varies from 0 to 1 (32). The values of T^, 
and for these alloys are plotted as a function of x in 
Pig, 1,8, As shown in the figure, the Curie temperatures of 
these alloys remain abo\-e the T^ of SmCo^ when Pe is substitute 
for Go upto about x=0.€. The saturation magnetization increa- 
ses on the addition of Pe and goes through a maximum on the 
iron-rich side before it declines. A similar behaviour is 

reported for X2<^^°l-x^®x^l7 analogot 

to the behaviour of binary Pe-Co alloys* The desirable easy 
ci-axis behaviour is maintained upio about 50 percent iron 



iN1ki\SIC > V 1U{ Th-N, ^nM. 
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r iDStitn-Lioni- ^-’ * 

1.9. -^.'o, ta3 oi-.bv:-fcittitio’3 of iror first onlvr.ccE tlo 

nxis onioufropy (H^) (^f ^^ropc. but f3'':c_ 

at :;r-' ctivoly ^lipi upto r.bof « 2s=0,4. Ir t ’•o ca c of nri.S'j - 
bxrri'y HB 2 Go^.^ - syatoan of otlacx* Trj^o cartiis Co, P. 

pnd Y, t''c -ioot ro’^ 3 rk''‘bl o f catr.i o oT jTo p.dditicii iC 'f' -7 
botreea 5 20 porcen'c fe jub^abitutior* for Co, tlic c— ax?.-' 

boco_ios trie easy eocio o<- uio'^i^^'Etio-" fzv' juxo io ■■'' aii «airv,d 
upto rboi't 45 fo 60 orrcei-^ Fc j^’obscituuior (Fxy. 1.9). ' 

r'lt’siiiuj'' volTics of tJic rr-isotrop field 111 ties© ca-.-os pro. 
hoTeiror, siibotrrtially Iot' r tfcooo of 

oJ.loys (icos turn 20 £0c) (32). 'fhus, tiio 7 

alloyo v-i- 7 h x^O to 0.4 arc dCv'^i’lj" superior to ti'o otbers. 

E. rly rttonpts to produce A^jr^ Kit\<“iiebs arve tacrcioco 

correctly ccncenfcrr’tcd on tixe ^*^ 2 ^ ^^1— 7 bcs7«'o.i 

0 <x<‘0.4. It is predicted ti.rt o' jnol'S ■'^iul 
pG hi;il\ pbout 60 I-iG-Oo "ill bj pocsiblo to ' Iiv dijii too 

ExtcnsiTo data is avrdl.ablo on tin solubility 
of rare crrtbXi -nou,-; tn or solves. Coi_'plato solid fj oiubiii fcy 
iii the Oe-la, Lo-^Td pjid Pr-lTd s^ntono and oxtoaded ooiubi3,ity 
for tl-o oth. r rTO earths mon,, tl oiiseives hrn bo'rn reocrtodC n3) •» 
Ihus, it is expected that in xTi the EE elements adll bo in 

solid solution fom ppjd vih.jn all eyed 7.'ith ovjlior eie-'ionts the 
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I® vill beliaTe like a sin.io IQ erLenaa^. b^h^jvioj:” b',£ 

obse''^ed in tbo I'SI— llg s- ctei wbio exactly reseniblcs tho (0^, 

L'^, F<3) — hg systems (54)» Fo s .c' data io, b.o't^e'ver , ava?.l‘,nl 
foa'' clio IQ— Go and ISM— Fe S 2 ''a'fce»rirt bub, it may safely b^ assur'ad 
th.'t i‘M-trar Bi ti oncG r.ieta3. s^'-Gtei'S win sliotr c. beh"Viou_’ 
samiiax to tlie il'I-lHg s,/.-tc. . 

bvcn tl'ouga no "'brae equilibria' data is available 
foi'* t i'b-Go system, seare cl workers h-ave investigated xbr mr-g- 
netio px*on3rtios of illGo^ phase (lin in tiicse cases hrd rare cart''* 

co_itents of 45-60 at perce it Ce, 23-55 at po.-cent La, 9-20 at 
percent Fd and 3-7 at percent Pr). Strnat at al (35) and 
EcGaij (36) obtained a (BH) valuo of 2.3 MGOe tor t' e field 
pressed It-iGo^ po’' der wii" c''; sirbering, later, by using 
sinceriny tec’mi'>uos, Jolmson and Pellous (37) and Bas (38) 
acbioved a (3H)^^^ value of 9 KGOe for tiic KICo^ magnots. To 
ragnctic da'Ga is availa'clc for t r corresponding ifl^Go^r^ 
conpoiinds excepting tla; t t'’e MM 2 ^® 3_7 corrpovmd is reported to 
have the easy axis of ma_netization in t' 3 basal plane (26). 

Siaall additions of oeher rare ea.-ths arc rox^orted to 
vastly improve the mc'PQctic properties of (--fl^ x^x^^^5 
compounds. Several vorLers h^vr investigated tie system 
(;iL Sir» )Coc for x = 0 to 1 ar'd found t'i''t the ma^,netic 
properties steadily innroved wit}- Sn additions (38,39,40). 

Por exaxapie, (BH) value for M'fGoj- is reported to be 
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1^.5 ii&Oe v'-Qra&s for 'E’!_ ^ _ OOr-t -® re'oorted to be 

V ♦ > V ♦ y t? 

18 liGOe ( 5 S). 2 ho effects of ct’ier r^'r^e eartb addition^ 
lilcc Ce, Pr, I'Td, La arve also boea studied, Por tins purpose, 
I'a^^el oncl Heatli (59) selected a corposiPior 

^'^0 l5 ^^5 0 < X < 0 , 5 , Pheir rosnius car bo su ime-rized 

2.^ tliG foilo^Tj,,; Mtyi (l) Go reduces tiic H, "ud B„, 

Jig IS al-O sii^'p'stiy lo'-erodj {?.) La incrca-ses tbe y-H^, sii^Iitly 
decj'e ses f'c H. bu« docs not C'rn,,e tbe B„ jud M j ( 5 ) Pr 
reduces tb^. anc jI. bus laicrcases the Bp ^nd il j (4.} xia the 

i-d C ix Jtt S 

case of Hd, ,ii is reported to increase initially (fror 8L0e 

i-i V? 

at 0 porcc'-t 2fd to 16 KOe at lO percent l?d) but further 
additions of ITd decrease the ,-^1 , H. is reported to decre'^ei^ 

i'll C A 

steadily w-th increase in Ud content. Both Bp ajid M„ arc 

it s 

reported to increase uith IJd additions. Pren tsiose resuars, 

lia^el and I'leuth rcpoi-t tiirt enorj^' products upto IS MGK)c can 

DG obtained ^fith MM based magnets. 

Oast permanent: ar -nots based caa Mi (Co, Cu)r- 

b 

allojrs, m uhich mt^netic hrrdesnini is produced by solid stare 
precipitation of a ma^pietic phase in a non— na^^ctic matrix, 
have also been produced and studied for their napietic 
properties, Stm^t et a3. (4l) and faliata ( 42 ) obtained ar 
energy product of 6 KCOe for i,ho cast IM (Co,Cu)^ mf^nets. 
Laror, by u:;ing pouder metallurgy tecimifues, higher as.\eT 2 Zf 
product ( 8 KGOe) mafpiets have been developed from 
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lJ*i( Co,Cfu)^ alloya (43). Iron additions to i'3l(0o,Gu)^ alloyn 
are fcarci to ftirther inp'V'ove i tC napictic "Dropcrtics (4 4). 

ITo iiir'^iatrc data is avarlablo for both Mi(Co,I'o) 

5 

and alloya, Ho'^ever, iron additions of about 

10 perceiit are found to chin^.e tl«u easy asia of ■ afnoti^auion 
frontbe basni piano t,o tnc c-jzxe (jFiy. 1,9) in ti.o 

^®2^ tiiis c-ajcia ns>jnetic syiamefcry io 
iuaintcancd nplo about x=0.45. 


1,2 Statcmeni; of Problem: 

The use of iron and Kdcchmctal sab ot anti ally 
reduces t’.io cast of iiS-Co nojinots even thou.Ja their use rau' lead 
to somoxrliru inferior lae'^ctic properties compared to those of tb 
SaCo^ ri-.,ticts. Houever, as mentioned in section I. , for 
certain annlications , m pietic properties compa,rable uo those 
of SmCo^ ma nc-tfeo ai'e not really necessary. Oonsetfucntiy, in 
sach aiplications, the 12I-Oo and the I#I~(0o, Pc) alloys have 
definite economic advaaitahs over other materials. 


liiG ferroma ^etism in transition motaie Po^Go and Pi 
is di o to uneo_ucl filling up of tee 3d sub-bands, Add 3 .uio* 
of Pe to Co (Pe having one less elcctron/aton than Co) causes 
more inbalcnce between the tuo 3d half bands of Co and as a 
result nc,;nctic moment/aten increases as Pc content is increased 
Tie noma-'t/atom ^oos throng.: a Liannnun near about 70 percent 
Pe, A si^idlar effect has been observed wi:;H tnc EB-Co 
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«» rdditxon of i(B aj oax'S to rodwce tl‘e imlDfclarce i'i tl.r 
tT:'o I'tolf br'iids t’loroby lo’'«:rcrin_ j aoment/afom of t'i3 

transition re<.a3. (25). On 5*0 addinion-fco and dB^Go^rj 
plinoes of trd-C Go ^Fc) , X— (Co,S’o) rnd Sn— (Go,Fc) SwC-beiaS, it 
h.!-.s 'been reported (8,32,45) ■'t 'i ^nctiration inerjasoe T'it • 

increase in I'e and ifc nas&ca tnroajn. a naxirourfl at a r iasonatiy 
lii^-ih ¥e conbeiit, siimlar to irt iins been found in the 5'c~0o 
System, O)'* tlie basis of t3iese obsorvations, it ic expected t_i u 


in Ill-Co-S'c system nso, fccors xfill be an i3'-.crcass ir mii.ncti- 
z at ion nitl increase in Fe, Moreover, there may be nevr phases 
existing in tlic BE-Go-Fe s.-atem ’’■itn mcgnotic properties 
ai 7 m 1 mt» or Scipcriou to tlis I'MCo^ and nbases, Wicn 

these points in vic’?, it tiiou :!it necossar^r to carr;- curb the 
phase equilibria worL in t„o MI-Co~Fe syston. As nentionod 
in the last section, only compounds of the type AS^ end 
are cf importance for permanent ipgnet axjaiications, Honever, 
it was reiorted (46,47,4^3) that; optimum pi'opertics of sintered 
BECo^ m< gusts were attained only i- the- starting material was 
hyper suoicliiometric, i.o. , contain a ±qv percent of the BS^Cor^ 
ph;-sc. So, the stud^ of MM-Co-Fe system wa.s restricted to ti.'G 
composition ranfie between r#Ij^( Go ,Fe) to 
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pli’ae cnailibrir'. ro_-' ir c:r_..3ctod to Gl.o’ tLo 
difforcit r^roec 'usipfc coczic-t in the Mi— Co—Fc rjtom, 0.' 

trsno o'liy ^ fev n.'v bo of i ijcnt^ncc fear pornanent mppnuu nos. 
Ou'-xc tc-ipo'r*rtu2-o Xv nr* xnport-'nt 'r /xictic o}i. rcctsrxoxic of 
portx^pent /netic ne’ccririo, ‘Iwnce, to pou o fii’st Jamd 
infoix'atioxi on rllo: bov.. fovor-^^blc na,-nctic cb. xc.ct xo- 

i.fcics, iu a,s doci(^sd -co dc'coo. oLne ti'^s Gurxc te'^oer •’trros of 
■v.nrious RS— Go-f'o all03’'G, Since it io ’mow' tbr.t t’l^ Fe addxiic 
foots tbo laaj.notic easjj- azi- of tno t^-pe phase, Xu rciS 

also felt that the easy ’ar netiaation axis of the exit, t.'.e 

now phases in t "'0 IK-Co-i'e s^j'-teo should be deteminod as a 
f*.jaction of Fe content. 

In the fr-b"aca.-ion of SE-Go iiXjnwts, voxions techni 
lihe sxnteT’in,':^, lifuid phase oinuenni; etc. are used fox 
developing optiimir' pi'o-oortics, fc choose snitablo sinbe.rin': and 
arineaiing teiiperotures fer th: tomany !i. -Co-d’e allojrx, a 
hnoolodje of the nciting poxnts of various allOjT cor.positions 
IS very essentxrl, Ihcranl analysis methods are suitable for 
this pur lose. Fence, a hx^di te-"pero.ture thernrl analysis anu.ra' 
was considered to bo set up for dotcrminxni the rolting points 
of tiio Mi-Go-Fe allO3^0. 
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CHiPUSR II 


Tm.-.T. iJ'^LXSIS AFPAEI&SU& 


Since in tic fr^oricaiion of tf k" -nuts th. - teriaT”- 
alloyo o^. 'n.scl-ir?cta3 , cctalv an'- iron are to bo need, a ino’'’'- 
ledge of tf .ir iielt: ' poir is nv-ccssar; for cboosinp; smta- 
bD e Ginterxn.': tc’"p natures. T- -r. a?, analysis netnods a.re 
suitable for csta' li bin i ^bc solic*— nc,\'id trazsiiJion tc pc 
turos. Honce, a t'-cr5ral anrlysic facilx'.y was set uo. 

II. 1 Desi^^.' and Desorlp Aon of Apparatus; 

Por '’acc of detoctxnc, t’ r tnor. if arrest proouced 
d^^rin4 tbcrr^al ana].ysic., a l-'rgc amornt of smol''- on sio- 
heatinr; and eoolxn ra-es box o t' bo used. In tbo p_ese.it 
inveiti-ation of the R3-Co-i'c systeus ±l was expect ..d t‘-rt 
only sarll a;io’'.ncs of m.''teni''is would be ar'axl- bl>- j-o- 
therir-l analyoia. Hence, a therrAL analysis apparatus which 
would be sensitive anou^s to sboxj reasonably Itr-ge thernal 

arrests even wit'- s.irll amounts of laaceriris was required tc 

be bbil-i. to airead,- fabrioatad «ater-=OGlod obaabaH/T) 

suitable for use w.cc: h±<i vaemm as well as T^xtb xnert gas 
atnospberc, was avoulablo fo" conversio. into a the mil 
a:-a 3 .ysia apparatu-. As sliowu xn Pi a. II. 1» tho chvmbcr ^’as in 
tin-eo narts - a bottom plate, a central cylindrical sects on ai.>- 
a top Plato. A s rll furn cc, 1 l/*'”' Hi s li" lonj. 


/ 





PIG.!!.! THimm illT^IiTSlS 


1. Cylindrical Portion of the Brass Chanber 

2. Cooling Coil 

3. 0-ring Joint through, which the T-tube is connected 

4. Top Plate of the Brass Chanber 

5. Brass Plange 

6. 0-ring Joint through which the Themocouplo is inserted. 

7. Ste,inless Steel Thernocouple Protection Sheath 

8. Holder for the Gas Head 

9. Gas Hoad Outlet 

10. Stainless Steel Tube-Gas Head 

11. Gas Head-Inlet 

12. Themo couple leads 

13. Connectors 

14. Holder for Thermocouple Cold Junction leads 

15. Thermocouple Cold Jimction leads, 

16. Cooling Coil 

17. Stainless Steel Radin,tion Shields with Top Covering Pla,tes 
18 and 

19. Hecrystallised Alumina Furnace Cores 

20. ' Sintered Alumina Crucible 

21. Heater Element - Mo 

22. Short-circuited Furnace loads, 

23. Alxmina Tube Supporting the Platform 

24. Alumina Thermocouple Protection Sheath 

25. Alumina Cement on Furnace Windings 

26. Furnace leads 

27. Mo-Radiation Shield with Cover 

28. Sintered Alumina Platform 

29. Fire Clay Support 

30. Stainless Steel Radiation Shields 

31. Stainless Steel Connector 

32. Brass grooves for holding the Alumina Tubes 

33. Glass to Metal Seals 

34. Furnace leads 

35. levelling Screw Base 

36. levelling Screws 

37. Gas Inlet for the Brass Chamber 

38. Brass Flange 

39. Bottom Pla.te of the Brass Chanber 

40. Fire Clay Support 

41. Graphite Rods 

42. Material 
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-■■o’.mtrd on a sin^orcd "lur'd:'-- platfo-r sj Doox’'tod ly : ':ec 
"j 1/3 O.D, X 2 ' 4 '” loT n't 1 n'’^jS :?lxGd t "tltO 'bou'toii pl^'to,, 
Poi'OT "t:, "t’-C: fiima^ce was fod 1;’ rnipl'’ gi',., ss t:o t^oGal s©aio fissc 
-50 t'vo lotto: plotc« Pave conce'itric radl-tion slii'’lds witl 
too ccve:'"S iiovin.,. -j” die contra], holes 'nd ti'fc hottcra radi ^i.on 
s-’iclf^s* all n de o" stai-iloss steel, co.-'o] tcly surrounded 
tie f”ir ',ce to miniidize h^e j loss, A t iir Mo ra.di'’t?-on shlr-io 
■'nut’T '' cover h wn..j a 5/l^” di coiiorr-l hole ’^’'a.s ur ed n^xt uC 
the fan-‘ce to protect tl'. siax\lv.SL steel radar t'lon Sxr.clCs. 
Por the ■our';,o.'e oP th' r. ’1 ar.alysic- o.' - saiaplo, a P U-P H 


IC oerccit Rh tier oooaple xras ince'ec^d f'rouj’' the top pl-to. 

The f'nm ce hid to ho desd'^ned o.x the he si,. oP th, 
requirement tli t if sho'ilc. orh at te'iip''ratui‘es 1:1 tas ran e 
of 100C°0 to 140C°C (or ioOO°C) in inert atmosphere or hi,:h 

vacuum and thrt it should he nessihle to hcatiU:^ aaad. 

coolini r tes as small as desie*ed, Pho choice of mnterj'.rl for 
the fir-nacvo was limited tw only a few nateri'ls like f'l. Mo 
and Pt-Eh alloys. Of these, only and Mo a-erc tried. Since 
a sanll fum ce v} sufficient electrical resistance wes desi- 
red, (which h-^r hi:^"cr s-jccific resistance then fao) was 


first chosrn even though iss use necessitated the use of hi r 


vp.Guum, Soft, 
strip of 0.008 
resit-tpn.ee was 


an oalod 0,02” din Pa iii .'’c was x'olled int” -■ 

• thick'^css and a frrnace with 2,5 total 
fabricated. Phe difficulties x^i'ch t’h.'; f'.nic 


C0 


\ 
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^{T 

■'" 02 'j thr,t (l) io 'cedod .i, irtcn. nee of iii^ '■> vreuur ( 430.0"" i 
or* betten) for a lor., (2) Gince t'io furnace h' d to be 

heated sjLoulj’’, tm-.- of oporr.tior. icn^'tlxcnod and (3) long p..rioc' 

in hi: h ■'^^cu’.nr cam. ccl ia '\"0 vol ■•tilii- anion of atori.’!!. Surer 


t'ic la fum ce failed to oncrat© satirir ctorily, ho r;indin.: war 
tried, Tho avail hie He virc '-ar of 0,025” dm and ^:a^ c-^nor- 
1 'tiVL'ly ■ 0 '*e stiff th'r. the avrnl rhl 2?a ■'i.ro, Becaurc of thi.- 
the I'lc n^irc cei^ld not b* rolled do'in’ to ' t'^i.- strip of higher 
rceirtojico, A Ho nound fuim ce of th. sane size as tlu 2!a 
■ru:r(i.o.ce gave a tct^l rosi .stance of only 1-^*- and the control of 
heatin’ or cools n; r-te ’^ao fremd diff.ctat. lo increase t ^e 
eloc'jrical rcOj.etanec of tie L'rnr.ce, tiro ccncentric ho ircnul 
furnaces conn'cted ^Jr series were tried. 2vo recrj'Gtalli^.ed 
aluinmr, tubes ( cyli-'^drical parts of recr„ etrlliz^cd alu-mina 
creciblcs) of 1“ O.D. x it" lo. g and 1 i/a*« O.B. x i l/C“ 
lorig respectively vevo used for mhiu th-r two furnaces. ^Dhcy 
wero put cone oil trio 0.1 1 y and connected in series uein,.:; a s cairn 
loss stee3. comeotox*. 3Jh. tot^ i rosietcnce of this tirc-l.ycr 
fur.iaco iras about 3 • 


Ir tl c iratin runs at hi-^j te'epor,*.tijt*es (i500^C 
to 1400°G) , thL Pt vs Pt + lO percent Eh t’lerrmi an'-i.ysis 
thermocouple got stuc'* to t>_e locally .apde alunain’. 3 '>'‘otcction 
shoath kept iu the molt aud tho t'len.ocoupl e r.-i. 'es sn''ppcd 
during its removal fron th^ s rcath, To avoid tij-S, it ' as 
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nocessar;.' to oo t c tlionoco'.'pl '• ii. 3 ■''' ic'* cc’.''lc’. b 

kept xn the al’i 'iio s lertli cr. th.-t no dai- ,e i done tc t'O tbex’- 
nocounj.c , ■wr.llM puno olu xn tab. 0 .' 1 / 8 ” v^j.l^ have 

hoen f ' xdoal c "Oico, mt, since it ■'’e not .avail rble, ^ 
t ni x^alled (O.Ol" wall taickn ,co) ■^t.rara'so stool tib of 
1 / 6 “ 4i' , cloned at on o'd fy .in^ it, "wro iis^d, Tb 3 oiC'.. of 
stair.lenc c'ccol t^ bo, ooTcvcr, o'csti'ict ;1 the opcraoiOi'. of 
tl-o f "■-'CO upto 1/00^0, 2b" th.'^r 'occi’plc wro xoonl'tod fr^ ■ 

tbo staXiiloGs s'G’Zcl tab by putti’^, , ti_in Dlv,e'vorj or t'o.. 

T ix os and by keeci" .. tLc hot 3 ux''ctxon in oJLU/iina po^'d-r nut o/L 
tlv' botto‘1 of t. ir &',ai Igloos stem Pabo, . 2’ ^ tlxin 

stainli-so stool tixbs. , xf exposed to rV.ocoborc at hx^Ja t!^mT)- 
crotur^'S, t'ao oxp '•ctod to oxidiso and fail. So, it was 
connected to a gas h^ ad cinde of brass ft x floXiin. argon gas. 
Purified, argon gas vas inserted into the stainless steel tube 
tbrjugih a syringe ’^eedlo, 21ie stainless steel tube-gas hoad 
was supported by a holder as ohotm in Pig, 11,1. 

2hc Mo fomace requires an inert atmosphere for 
ibs operation. Argon gas purified by passing of over hot copper 
turnings titaniu 1 chins was used fox* this purpose. The gas 
was inserted throu^ the bottom plato into the clrmber and 
let out from the side of the fnim'-'ce ch-.-sbar tl rough an oil 
bubbler, Por ensuring th t all the air- vas rop3,aced by arg'.r 
gas before hcatirv_ the fvmece, a vacuum pump was co'inccted 
to th-' system as sbo^in in Pig. II. 2* Ehc ferm ce cb.ajnber 
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■was evacuated tc abc.^t 20\}, Ht: a''C. ar^gon a fl’acli d t rci’’’' 

tiic nj'-'bcn 2 or 3 tiaes 'bfj'ore coramenaia{, h.'a'ciii2, o?; the fu.r" 
n. cc. 

Since cncdl ario-.-’ut of m tcid-.i was to be used f''_- 
ta rr i an.i'"''3is, f-c tc :Qj. a’loun'; of heat iiberrtod o:* absoi'bcd 
pt tho tra -Sf cra-'tOor p^in , 'iJas onaected t'' bo am ^11, jCi- 
sia 11 boat effect ■'7as expected to ma’'" * tl.. tl ''rmal arrest of 
short deration orC wife rel tively l-'rge li:atin, . or coolir._, 
rate (eg. 2^C/ii±ii) if ligbc not be porsible to see clo'^j'ly 
t..o snail thermal arrest. Because of thi > veiT sn 11 h -ati'’ 
or cooling race ( -rh 0, s'^C/min) war desired. fiiS trbal 
resistance of t’-c f-nmace bein', s.iail, a •’^ory f.v-^? oon^r- l ol 
vcl-sajc was noccosary to obtain slow -atm' and ccolin,^ rates 
Shis 'Was ac' i ved f rang i an arran^enc^t c’ oon ir Pigo 
A cta.bilized stepp d down voltage was fed tc three Dxmmerstats 
set in tande-', t'-' i first t' a wire used to step down tne input 
voltage suitably ca as to get fins voltage control over tb. ' 
whole r''n.go of tLe Dimmersta-t arid the t^iird one T?as used to in- 
crease or decrease tl'c set voltage by smad.l ajnov’"ts, 

Bor therma] arvlysi' , the outpu'C of tuo f'cri-o- 
ccuple was fod to a recorder tlirowgt a cold junction (mcltino 
ooint of icc) so tL, t t' chnngins ntv, cerrespendin^ to tx-c 
olimgmg tcaupcratr re j fd.'ii'’- tine cuuld be recorded directly, 

Iho cn/ geaierated by the th rnocouplc in f u'efil temp ''ratv ae 
range ■'^as between 8 to 14 ov. So, o _o cc’^'ld d^ cectly use a 
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recorder i:'. f r.i l ocel . defloc'bxon o r lO o'” 2C rv r.ccrd 

t.'c tjicrra”! arrest. Hc‘’ovor, t 1. rf e recorder ran,,© 

repaired (O-lO or 0-20 rv fril scale) -■'de t^w measure--.--' ^ 
ro-tber xraccurate TD^cause tiio n , rv X'>g^ iiniu fn- ■'•a.o 

rather ±o'i (lb O.Ol rrv/i in) ' t t’'" trai--'f erm' tion iirint, 

« 

Heico, it u'CJ tho'ag’”t to Ia Ice t c insaso.i*ln circuit nor- 
seisitivo. Since t^r p-'rt o? tin nr read’.n_, ^=>3 uscl ,sc 

for our purxDC'je* it was thong it tbofc i_ rn e. f of Imom valu- 
was fed a^ain. t feho ther'ioc 'uplo ectf and won kepr conctajil 
thi'ougho"' c tlin oxperimr'-t , tlio a norc soisiuivc scale si\ch 
a>s 0-1 mv rnnge co’ild to xised, A Lo-dc and Nerthri’.p, Model 
8686 pote’’ tiomot ?r was used bLrOwi^j. w'lich a xtredetertoinod '^if 
could bo fed agairot the ti’-rnoccuplc eid?. 2h-j acctxrac,' of 
tiio potentiometer x-s + 0,007 mv and kcsece, a very fine 
control of errf was nossiblu, iliG unb.'! -need erf of tLi.j 
eysten was fed t" " Sargent recorder 11,4) wilb a lO” 

erw^'t Span '^nd with 0-1 mv full scale deflection, 

Th,w EB-Co < lloj'w are ^ eported to react with -^2^3 
crucibles (50), Comn crci-l.lj'’ available Al20^ crucibles, trhicb. 

are usu-dly sintered at low tempcrat’xres (' 1400 °G ) , rre 

very porous ahd camot be used. But, since no other suitable 
crucible material was available, it wa considered tc liCc 4i20^ 
crucibles sintered at hiiiicr to”pcrati'jrcs, liio facilici'S 
availabl'” in tbu Institute wore usof for tliis purpose. 99.9 
percent pure -^ 12^3 pji^dcr ( hr 5jim in size) wa 'blended with 
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wabcr cue') for opti ujb plarticity of th' t' ' blciod 

"Was a in';aincd at a pE of 3—4 aoln . HCl. I’- tiio cracxbl -O 
and °hca'Gl'S of roQ i •‘'Jd sizes ■^'orc '■''do by slip casting:, thv, 
blG-^ded c.lu’rLiia ia piristor of p'ris a aids, aLio'iance 

of about 30 pwroo'.t ur'" for shrirl ,c durinj DintGr?!''^. 

o 

The cast crucibles and shcafa ^joro preasint-'rod at 1000 'G 
for 10 }irG, After a' chiirLa:^, if r.ccossar;, , t jo prccinto ‘cd 
cr’iciblso fiaai. si'^bonn.i c den* at 1700^0 for 2 hrs ir_ 
a zirconi.- pot fum; ce. Crucibloo of liiyh dGr-Sit 3 ' and uall 
ti'iclcioSD Af 1/16” could bo prep r^d by t'ds oinberin,^ 
oporitioi-, 

11*2 Testing a:id Ga3 ibratio..: 

Iritir ily blLj'.l' rune were ■ledc to find tleo vcitaje 
tenpcrauorc eh- lact'.ristics of the ts.rrrjL anaijr^ii set up 
and to deter 'in c how slow heating, r nd ccoli r-tes could b, 
achieved with the t'i’' 0 -l'' yer furnace assenbly. The pci^cr 
supply to tio fun.r’CG was roiood in step.- of 2 volts and the 
fum. ce i^as alJ.owed to st'bilise its temperature before each 
successive inersase of input voltage, T>' . tonpcraturcc 
attained icrrespendin ; to differerb volvagcc are listed in 
a Table in Apnerdin I. In the ic^- temperature region (r.pse 
abo ’t 800^0), toe f'.n)"'CG usually ioch about 8-l2 rinutes to 
stabilize its temperature after every i'^crenent i-' veltaye 
(2 vclts) ■'^hcreo-s in t> c high tcrpero/rire re.yioii ( > 800°0) 
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t' - t . tcr:p',r vcv.j-c ’'an xai''o j ^-3 1 v>b, 0.- t 


xrhni 

1 

tu 

- creper--; 

; -j'Q e’ 

'■ furs; 

CG 

e.'ac r"i 

Cd i 

at t’''j r: 

of 3-^^^ 

w/ 

3'., nft 

r "ttai 

iny a 1 e 

dr 

sired t 

T' 

, turc tL 

dosi 

'CC 

c 

'Olir or 

^ at.'Ji 

rates 

^ro 

ob : aai- x 

1 by 

li 'btl 

GJT) 

'^1 _ J 

‘ 1' 

. 1 r : tl 

' 'fid 

'd -^n 1 ta 


' i '' i "P' 

.mace, 1] e 

h rt: 

in^ 

j'*' 

'' ee "Inn 

r^tos 

carK' b- 

co; 

nvr ■ l?.c d 

O^f 

"ctivoiy: 


■” ^ !■' J- "C xC'"!. Por ^ryaiipl-,, r c ^ vclo"^ "by c'boit 

0.6 at lOCO^G p'rf'uc:d - li "tin r-'to oi "ioi't 1°G/ ’ii . 

Sx Tl..r'p , ‘ o6t:L\nir!_ r cc jlir' ^ r to o:C l' O/nmi nr*o'’r.d t’': 

Ba'Co t(;np^-r 'tu'''‘Cj, r volta,_G c o± r6o'’t 0.5 volte '"'ao 

•loodcd, 7oi' Qlci'vT h- atm ov c.olir r. L~n, fj ^ll r vol'.a • 
cI..;ioe 0,2-0,«^ v re 2 nr eded, Ac’ n c of voltage by 

abo'..t 0,3 olvG p ‘ofvcfd a hortl i , rrtr- o’ 0.5^0/ nn a'C u'u 
sr^iic cooix' ; ra.tc needed a ol'.*n.g, of i_ put v Ua c by "bo-.t 
0,25 volts. Tho siof'"Ct bcatii'.. , or c'^oiin'^ r^'tc aebi 'ved 
about 0,<*^G/r'du. Sti3.1 cio'V’r i-^at3n, or coclin'; ra“:co 


cculu rio« b- acl'xoved fex- -tl ' f l?.r>vm , rcaooc/'; (i) uh-.m 
V';iv 2 ,ge ic'-'r 5^^ mprossod or tlio thii’d Dinmcrst^t , 

tho hop.tin , or coolo.ni r. tec coulc not be ccntrollod, (2) si.nc 


voitretcr-.. of s-'-iior ra^' 
vela .pe cbai'^eo cordO -^oa 
t e/peratur'-s (lOOO^G an'' - 
rat"S TiirrS reiatixely easy 


o (0—1. ■?) T^ere not avail, '-lo, ta - 
b ' nersii''cc' acc'er-'toly. At hi.j’or 
or') so".arel of b''atir~ d croiir. , 
because of tL: i ".crease ir. fi-’n acc 


rcsistri’cc. 
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kf't 1 ' ?.i;i i -fc 'a ting of t’ o f* ■’n. ce aoscp'bly, 
a tost 2 rur. oriv^ of t: ( calibratin.^; Gnocunons ( G-ermaniuc) 

was ra-^ido, ]3 of SS.9 a* rcert pui-e ;;cr a’litir:, obtained fron 
Semi Jejl'monts Ino. , II.I. , U.S.A., .:opi in a I.D.XL" 
lon_, •^12^5 cricabli. smppliod by Headway Coramijs, yaxar-'aci, 

A sm n.l fticod Gi3.ioa si’' atU wc-S uood^ for protecting tbe 
tn ,r' '0C‘ jr.pl c fr. c ■riin'i u' concact w?t!' tbe material. It 
waD inserted in 1,0 tho mat on l an"’ tbra t_'i. era ci bio was k.pt 
in tb*. furnace* The furnace c i mber was assombl'-d anc* tbr 
tborr-ocoupl 3 was inserted taxra'^b t' c top plate* The system 
was ovacuotod to about 20|.t Hg prossu -e and' f3.uGu d wit’ puri- 
fied argon gas 5,4 tin s. The or anber uas finally fill- d wioh 
pui'’ifi''d argon gas. During t'le run, cu afied arg''n gas wa.s 
allo'afcd to flO'" through t. * chamber as well as tbj th'r*' 0 — 
coupl^' assembly ard bubbled through the oil bubblers at a rate 
of 4 tc 5 bubblGs/nin and 1 bubble/nin rasp, ctivoly* Since 
about 45 volts supply was needed to rai'.c toe furna.ee teipcra- 

tuo'e to abor.t 96iO*^C (see Apoordix l), a stabilised stepped 

doTi- voltage of 60V was f-'d to the first DirmierGta,t and tin 
second Dim rstat {viz''' 45^ input vcita'^c) was then continu- 
ously monitored tc raise ti o temperature of furnace at a 
rat" cj? 4-5^C/’'ii’' . lb- third Dinmersta,t ■':ac sot at zorc 
durin,.; the inita al h ,atinc up of the f’um"'ce. It waa onsurod 
ta. t t o furnace Ci aub r was pr..ri3rly cooled during hasting 
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up of tac furnr,CG, Ico ’ c.o put in f* c fb.' nuocruplc o-'iJl 
junction b' tb, fho strip Gh'xt rcc'"'"’dGr ’’os calibrated an'’ 
ct'nncctr'd !:■ tl_ ti-'-r-^oconpio onf mcaSi" in ci j^cur g, H , 
fx7 ria ,cc tcnperatn.ro vcd raJ.GGd tc -bort u'j.r.- tb coo r.C 

Dirm rstat, Ihn. tl- diff ere: trea v.lta.c ( 5¥) fr tb . 

third DipiPnrstat uao used for further .I---,; h atin,, a.’/l 
c^oliii^i. In tlio first run, a .ioatin rcuo of 2"c/nin was 
used ? the output cinf vrx plotted o’' tl. roc'rdcr* A re 1 
tborn.''! arrest was seen !■ 'Unc 8,85 rnr C' f output (cerrospox-— 
dinj to about 540°G). So. th ’ fur>rcc \'as a: lowed tr ri.-.e 
to o. ly 950"'G. Ibc-i i!; was c ol 'd sioaay at a rote of l,5°C/ 
’"ill, TbiJ timo, a C' up'^rativeT y l''rgG t!. rml arr''Gt was 
femnd at 8,86 rrv. 1"' r-lce t..o t ^cr a l arx-ost still 1 'rgor, 
sTower hoatin^, a-d co -sling rates (I'^C/rJji, 0,5°0/!ain and 
0, A*^C/filii) were used a’"'! i,iic tio' ’ t ' xpei*atuT"o curves w ;rc 
traced on ti'^o recorder, A Si:c?l variatj,orL in toe onf of tj’ 
arrest poin-c, + 0.015 aro^ind tli.. ncai-' value, 8.85 nv, was ^ 

found in diff erent heating a.id cooli :j cycles. A C'OOlin^ curve 

obtai-iod wi-ch 0.4^G/riin cocli" r te is sho’.T, in Pi> II.5(r), 

After th- fherroA ar''lyci'- runs war'' nadc,bcfo ‘o shutting off 
tLo furro'ce poi-er, tZ : val ves near tZjc oil-bubblers wore closed. 
This was done to -.rove* t Suc:;inj up of oil i. te tZ - fumico 
c’-auber or into the tl ornoccuplo asse’tbly du'.'ung co''lii.g ef 
tho fniviace. The-', the fr.un'ice was ollcwed I'o c ol by putting 
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FfG.IIS TYPICAL COOLING CURVES: 
(a) Germdnium (bl Gold {cl Fe^Si eutectic 



off th po^’or Gv.pply. 

Calil^r tion xz Uwur lly 3pdc agai Ft tdc 
poi‘ to of pur'j Kctaio, Fo:-' ccQ.ib atin t'; * t* ■ -r. occupl'- ±i 
f 0 ■t:npcrat’.r‘- rri-jc of iat ;rcot (1000"C-1400°G) , jgcrrki-axtba 
and gold V'Ving moiti- ^ poi.'tc 937. 4'" C am. 1065^0 wore uoed. 

Thi f ii'd C'^libratlon w-o plami'd with oiiac-a-i ’’ vin-; a 
ia. ; poi, t of 3-ap, d'j. tc t’ , aac of sc'^xail^ss Dt.'cl 

thornoco ’p3..- sheath, "ilicon coul^ not b" uaed ac a co.libra- 
tion r'o/c'7d.o,l b cam.? tl r a. itinv point of ctaii?loss steel 
( iid l420°C) i J VC clo^.c to the aiclti”-, -ooinu of sxiicon. 

Si _cc no rnh t ?.o."-rcr.ctive pure nctnl with acourrvel" fc'one 
ncitin , p m-'t i* t^ . tcn?porat..nj range o-” llOO°G and l^OO^C 
was avail'bik,, b narr r'.ccssarg to u-c an ontcctie alloy 
of la^own cutootic pui-'t* ^0-20, 5 x?t. pwreoni; Si c?jtoctic w s 
fc'vind suitable £• '■ the present w. rlc, Shore i'* sen., imcortainty 
in th"' report -d ciitcctic tonporaturcs of jPo—Si ( 20 vt per- 

cent) a3-loy, Houghton am' Beck - (5l)» using high purity 
nrtonrin, reported an outoctie temper' mire of 1195^0 fer 
Ho-20 wt. percent Si. Munaierni reported a tcr:p siraturc of 
1205°G f .r Po-25 wt percent Si (52). Ehragnoii (53) oJid 
Osawa ot al. (54) ronorted an eutectic toaperature of 1200^0 
fer the i'e-21,2 at percent Si -nd Bo-22 wt p .reent Si alloys 
rcspoctiv'ly* 0? f'*' basis of t..esc daua Ea^on and 
’‘Aj-derko (55) has shoaai the eutectic te.-^or'''t;ire £is 12C0"’C, 
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Tb-o n-T'o tc- per- ti-x’c a p :Dibl: cert'' ‘ti ox +5^G b. 

b c" uccd i_i tbir caj.ibratio” ac tii catccti o t' i p'jr-" tui'c of 
£'g~ 20.5 ■''^t pore ' at Si, About 15 T'" 0^-' eutectic allcp 

■"■'a"' prop.' rc(^ by sjrc :clit?r' clcctr'.lytic i'^'' a obtcja.r 

frea G-all 'rd. SchclvCi'^ t Go,, 7,1,, U.S.A, a'^c’ oiliCwi 

''ibtaiiicd fr a Sc- i El c.^ to I* o, , iJ,l, U,S,a, 

la tl . caao of Or and t_ c Eo-Sx rdJ.oy, ta arr''ct 
pointc ■':rGr: ■foued to drift ; cuouhat a-od h-' icc a-jan t. - luce cf 
t^'or. m -rrcct oaf of ell tli j b'^'otir r: d c> olin^, run*-- u-cro 
u cd for tb n-ocoaol' c'lilrrtioji. Eor Id., r_o varie.,tioi. 
ir. the cxroot point -rao obaoxared (fo,bl- II. l). With, t’ o 
hwlp of ti'-. -U-ovn^ -lti:i'^ to":por'turec a- d u' e taciiiocoup] c 
enf TciuuO corr -Cpo.'din'^ t^ t’.w arr- etc, a cclibx'a- 

tioa cui'nri , Eig. II. 6, was draxn. Since th. r. ■'..'avO sen^ 
drift obcorvod i tee tlicm-l arreeto of G-c end E..-Si n?.l'; 
and bocauJc tbere wa*^' a (y -'ll unc'^^rtaxnty in t!ic eel ting prxrt 


of Ec— Si el l ey (uiic^rtamuy liniTiS arc sJco ' by iiorizontal 
and vertical barn in Eig, II. 6) the tenpernturo '.ca. ured with 
the help of the thur'occuplu cd-ll hrovo a, sr"'! n uncert-^inty. 

It in, however, clcr.r frov th calibr'-tion curve that thiL 
uncertni-ity in n-nall, about 2ho tlicrr o couple wan 

calibrated on3.y in the tc' -ocraturv; ra’^re 930°C to 1200^0. 
I{o"ovcr, free the n-ic c f u-.v.cd cf th ' ealibrrticn cuinrc, it lO 
expected that it can bw- exte* ded nafoly tc about l35G'^C or 
1400^0. 



I ‘ ■ i" r“.c c ^ ” pi . C alib "’ati on Do 1;a 


I 

Serial { 

Fo. } 

I 

t 

1 

f 

1 

I-Iatori 1 

r — 

I 

}T:ioriocc~UT)l«.' EIF 
} cr ri’ cap c .din t r 
|tln noitx'->g p. i 't 
jof t' 0 ri torirl 

f 

— 1 — 

{Molting Po3--t 

t 

f 

\ 

1 

2 

} 

j 

1 

G-GPii' 'ii'.in 

8.85+0.015 -T 

937.4^"C 

2 

Gold 

10.5 

1065'’-' a 

3 

Po— 20.5 ^’’t per- 

11.785+0.025 

1200'^4^®G 


cca.t Si eutcotia 



9 , 


10 11 
EMF in mv 


1 


FIG.n.6.THERMOCOUPLE CALIBRAT 




39 


0 III 

lili PE.OCEBUEjS 

Ihe proRC--!/ invcGti ntion irv-lvo^ tl ’ dG‘t''^ 3 ninr.— 

tj O’", of 

1, Ph'Pc oqux^.i'bri'' ir ilE-Oo— P g O' . 

2, Soiidu.- a-'d liuT-d-duj tcnpnratxi of ‘u’lo 
allrjq (P’loriip. A- ayrda) 

3, Cui'i , To' poratiiroG 

Gad 4. Saay axi^ of i ot±zai;i''C'i 

III.l PhaGo Equilihod in PB-Go-Fc Syctca; 

Poi’ GGtabliGr.a-nCj tmo plaasc equilibria in HE~Co-Fo 
Gyste.i, tnc cxporiaoTtol procedure follow'cd c'-noicted d t’<: 
f dloadny Gteps; a) Ileltir. : of a?loy , b) uealir-C# 
c) LotallOo’rapliic a.-.alyGiG, and d) X-ra diffraction a-aiyc-iG* 

Meltings 

Matoriaic Prep ''ration; 2ho ailoyc -wnre prep -red by uoi: j 
l) IliGcbridal aippii^d by i^iiGchnotol "nd Pi.i .tc Pvt. Ltd., 
Allcppey, iLorfLr, India, containirq 85-90 wt percent Rare 
Eartli (RE), 6-l0 wt perce: t Irc^n (Fc) ard 1-4 wt porcent 
irpuritiCG and tl c r'^rc o-rtli c^npocition Go; 45-50 vt 
porcent > la; 20-25 ut perce Ed; 15-20 wt p-e'cent^ Prs4-6 wt 
perce.dj &:;l— ^ wt pc\''ceutjj T and otl.Grs;i-2 "^t percent. 
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li) Ooball: (99£S p rccr.t) ijuppli d by Se -j. jilcrr'.-.tG Ir-c, , 

H.Y, , U,S*A. aiid iii) Bi"ctrcly>/ic ii-op fla'icG (99-9 pfi^co^.L') 
oupplied by Oadlcxd ScholGiiv.er Ilfg. G*',, F.Y. , U.S.A, Sxnco 
t'j Gxa.ct p, -^-untD of i ‘dividu"! rcxc cart’ ^‘3 'be rn loiGch- 
L-''tai wero rol avcrac,o C'. nposi oioii w"' ’ c-GGr/ "d 

baoi’ j c"' t Guopli “r* G ai.alyGiJ gi’^c aboTC, Tli"' averape 
c iDpoGD.tT.oa used for calcul-'tiD. : tl’D rare 'ar.'t'i nolDC'il r 
ir raochmDtal (IM) x?as 90 wt pore o’";; t"tal SSj 8 ''t 


pore GDI u Po and 2 ’'t pGreOi^t irpuritics and f'O iii'lividiial rare 
eartli compo^Dtxon were 49-21 wt porco:.t Go, 23.31 wt pco'cct 
la, I8d3 wt percenu Fd, 5.13 wt pwreert Pr, 2.55 ^'t porce-'o 
S-i and 1.55 xrt porca 'c Y. She calcul.-aod rax’o cr_’tli —Olecul r 
wci.'dt on tl ic be.sis was l^C.il gna. Pbi n.olecuicr* weiglit 
of HE was used in all calo’l tions of t^c aneniibs of HB to 


be t''-ic_i fer different allo3 cojnpceiuiors* 

She raioclenctal as supplied was xi- t.’i- fom of bi*'’-- 
cuits coated with grease t. protect it fren atnosphoric 
oxidatxor. Before cu.ttinp, the nxscimetal to nieces of required 
size, ti-u grease was I’orovod usxnj acot , fhc cut pieces 
were then gramd t"" ronove any onide layer tli”t was prono’ei;. 

The pieces were w''i^h.ed according to the '^lloy co’Tpi-eitxcn Si 
as bo n'ke the bcual pnoui’ b of alloy b.. tween 25 and 50 :?xS 
a-ud the ^’■eijih-f’ pieces were kept in a.cot-no till thu.i war^ 
used for > el ting. Cobalt x'ac i' t]!e fore of a cant butter 
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a^id it ■'7aG cjTvisji'^d tv. pieces of rcrvij’ed size usii_ ; r ha r 'r, 

urc i. t.i .0 for off], icjoj t ..ey I'cr-" 'X'.\7Jid t> rcr.ovo 

th^ tr" cos of 'vUCl, T’ e araoiirs/C of lA'cn ai'^f c..h'lt rchiiirod 
fra ^■yo”! r cl'., ’ircrc wei ^ ;Gd rut "■^'d licot sc3ar t^'ly till 
ro'^'Mirod f'v ■ cl tj.: i. 


Me] till''; Sti:''':''cc: 2h f'^cters t be c'^-'f-ider id i'_ a .iJlti-iy 
opor-tio' arc : ':'i'd.nj pci'ts of f c3.r..,v. ts, onouiit of 
,'itcriai to be aolt d, r 'activity of ■tiio c^npcAonts , c 'i tatii- 
ii ti" fru'' cruci'bl"' iiati. ri^'Z., fho ■noiti'i _ p'''i‘.tG of th . 
t’ rcc coupe ci'iV.' i.' HS-Go— Fc rlloj’'- a.ro Ii*j 900^^0, 

5’o:l55S°G a'-'id Go: I'" 92 '^G, Out of these t... cc I'vt'^lc, riiCvih- 
ictal is very reactive arivl it^ reported to r> act ci'^li cvo. 
aluiiL-if. crucibiv''' (50), bo, it "Ta. t. ouait proper to carry- 
out t’.c aeitin" -under prct'.ctivc argoi. a, b.io sphere and without 
usirc; a refractory crucible, A water cic’lcd copper liOvart- 
arc funoacc with -C-i-c'":. Juiiabio Irangsten olv.ctrodc -vras 


cc'ijidcrcd to bo 'olio best 
D.C, ere fu'a acc -was t.hus 


nelti’-'S ftn^iacc, A.i avaHablo 
fi-xlc use of f' r noltiny the HB-Co- 


2?o rllcys, Ihvi cnciblo a: f the electrode wer'^ c cloned i— 
a ^Lass cha,’ber which could be evacua.tcd ard ai'* i'lcrt jas 
ataoopherc could bo ’-''i-itaiicd in it, She elc-ctrode was 
fitrcd tc the top .ctal. pert cf th" gl.uss charibcr tJirouidi 
0-riny joints so th"'t tl-e elcctrvido could b' rri-od or lo 'red 
^’ich t'c help of a Gcrv.f% Thin ^.'ar, n'-'ceooary tc adjust 
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t- g^_} b' ti^GC t' ■ Cl ctr- Ce "'rj* tiic ci cri ^ (urj'’-H;’ h.pl: 
o'^tvTco}^ l/8” to lA ” ) so th-t ore c'-.-'lc b, Dtsn.cl; ’"itboiit 
fc'-iohin^ tl'c diaro witb tie cl^'ctr^dc. It cr > >v.tcA alccr , 
oc-' toniii 'tier, free A I>.C, pto v 3-Acr (lOOO 

40 Y) -rac used -^o tli' a.rc cr.-Dol", I’Jt diflcront 

cci-tr..irj - ct^rt r.nc’ weld ccntrsls - vr^'yii.,-^ t o \a.ldi.'. 
ciixroTjit tx-i n 500 anpo r,t 0 to 1000 anps lOC o. ti.e cci^ur 1 
cli'l avail ebl.',« With tl - ‘’'•olp .'C tb<.Gc coitr^lc 'cht. arc 

proasuro c -xild be cr"tr lied* A'l cAit -.s cic tiaer (O-J. 8 O secc) 
'.'bich could be aet accrrdio.’j t the c*oqTiire'd d-viiatxoa of ^it- 
i '13 wao also available ia t t- welder atrrt c 3 .i'cuiu r/ aa t* 
abut off the arc airro',t -^^ftcr a pre,— ceicctod tuio. 


G-^a Pu^’ificrsxon Sy.,tcn: I _o cr rrioji bottled argo ga,r> 
Gontaina r.oioturG and bo'ch of wljich are dctrii.TTitrl te 

the Saro Earth alloj^r., Fa:ico, xt had to bo f. rthor piirxiicd 
before putting it i~bo t> .. arc fvarK ce eh e bar* Per t.bia 


nur-pooc, a gaa pnaificaacicr- oy^toa w.ao c'^n.^tructun^d. As a *riu^i 
x:i the blecb di'gr'^jn (Fig. III,l), it c'-axeted of aov.rai 
CaOig and abourbor tubca ajid funi'ccc wxtb Cu turnii.^ 

an’. li cl-xpo, The Gu tur2‘'ir 3s arid tlio Ti chipa were hc.et in 
fear 1.” di^' x 30" icng qw-rrtz tabv a ov. r a, Ic ;th f 6" , 

The quarta tuboa, iii ti'rn, ware 'cept i . a 2 " di . x 15 " lo.-g 
1 ichroi 'o— ircwj'''' fur*', .oc. 'fh*. f '-meace ’"o/j s-cot -t TOO'^C ao th^ 3 
f c titmiu'- ronainod xn the a state (beGauar it has ’'i J ee 




CK DIAGRAM REPRESENTING 
5 PURIFICATION SYSTEM. 







solu'ba.lity o."' Op), at the same tine the reaction ra,te bet-’^ea" 

^ i 

oxyger and 6u tvn‘nin'’s or «Jlciiips accelerated, Irgon gas 
froiii the gas cylinder ^’■as :assed ttrongh the CaClp tubes tc 
ranoire f'e bulk of the aoietnre and t’ sii tl rou h hot Ou 
turnings to re o'^e and traces of H^O. 2hs. gas was t'''an 
passed t. ■■''’•gh li cli3ps tc re.iove 0^, 1^2 ^"2' 

finally passed t' 3 ‘o>'_’ CajOi 2 ^ 2^5 re’nove the last 

traces of luOisture. gas was used fe"^ flushing anr final 

fillir.i u_> o-f^ the arc frinace ch-'mber. 

MeT ting Procedure: 2 Le we.ghed materials were always charged 
X"i the copper creciolc an a partlciilar sequence so as tc kce" 
f'c eTapoi*ation losses the sa^e and a« t_ie mininum, Misch-X- tal, 
which is tho lowest mei.tin component 900°C) amon,:f 5 ' 

the three compononuS, li*, Oo and Pe, and has reasonable TapTw^ 

pressure n,t 1 atm, pressure, was always kept at t)ic bottom 

and was covered completely by iron and cobalt pieces, $hus, 
iiiitirlly, tne arc was always struck between the tnnjsten 
electrode and an iron pxoce kept at tho top. Before each 
molting operation twe furnace chamber was evacuated to aboav 
20 jj, Hg pressure and flushed with purified argon gas from t}ie 
gas purification syste’'), Phis procedu£'e was repeated 5 or 4 
times to ensui*e removal of all the air from the firfnace chafibe"''’. 
finally, the fir;’n'’ce c* amhoT was filled with puz-ufied '’rjon 
gas. In t’ c first rr.cltin^; by setting tl'e star!; aiad weld 
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co]n':rola at 12 aniT- 3.0 res j .ctively, lo "er arc pressuae ■'^as 

used to avoic! sjutterxn ot snail prcces of "t verbal. She 
ti.'C was set at 20 secs to liavc a slo “t nel tin , ti 3, But, in 
tBc subsecuenJ neltin s o"^ tBc alloy buttor. t.’ e start and 
wold controls wore set at 18 and 15 rcsoectiireiy and tlio 
timer was set at 30 secs so t— . t hi^^’er arc p^-cssure “^no 
lon er moltrn; times could bo used fc ' p'*oper } o'^o{;e rization 
of ti'O material. Sac i alloy was melted 5 to 4 ti les an.'- at 
each rcmeltinj the •'’’loj'' button was put upside down so as to 
produce bette"*^ homor ©nization.. After melting, tne alley ’.'as 
weighed to find out th'. to cal loss. II was found that tuo ji nl 
mum loss was less than 1 percent. Soao of t lo alloys were 
chemically aaaalyscd for Be and Co to chec whether or not the 
alloys with compositions close io t.is intended on 3 could be 
prepared, 

Sor phase analysis of the ^loys, tho alloys had 
to be properly homogenized before they wore subjocued to 
x-ray diffraction and metallographic analysis. Sine© the 
a!!.loys were rather reactive and each netnod of analysis was 
spread over several days it was necessary protect them from 
oxidation. For storage of tho alloys till they were needed 
a vacuum desiccator kept at 130\l Eg pressure was used. 
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A 4 Hi 6 '’^lin * Tlio cs-Si! s?rip\"S t'gp© T^/^okcn ini*© piccGS of 
S' xtabl' size and t x si’i’faces of tas pieces x^e'^’e 3 r vjid to 
remove any ozxde that iii Jit ’nave for xd durin.-r -ueltin^- or sto- 
rage* Tlio eiloys wen sealed in evacii ted rvj'j^tz tiites at 
a pressure of 20 z 10“^ Hg. Sufficient space ^’as left 
‘botxi’eerL tlx x’^alis o? t-x c'v.-^xtz tubes and t3'0 samples to avoid 
brsakxse of qux-t-- t^-.bex due uo t orma3, ezpaiision- of ILc a3 loy 
pieces, lo"'g pirxes of an alloy we"e p'lt, wberevv^r possible, 
because tho cnaai pieces h-d a tnidency to yet stuck (necha- 

iical ming) in the qu''Xtz tubes icadin; to uheir b-’enls .,e 
xfhon boated. In a b-rtcli, five to eis Secli quartz tubes 
containin,^’ different alloy samples were annealed and p.xpc-r 
care was t"Jron to identify teem. I’ t^'x beginning, tie arc 
melted alloys xfere heat treated at a reasonably loir temperature 
to see if any problem, li^o reaction with nuartz tubes, oxida- 
tion in t’-x residual air etc was encoxmtorod during annealing. 
Initial anncolina was done in a vertical tube rosistanco fur- 
nace at 500 ^+ 1^0 fo'- 5 days. Ibe aiiojrs T-re quonebod in 
tap water. Fo rea.ction ’oetween the q urtz tvbos and the 
alloys could be detected. Some of tuc alloys after their low 
temperature -nncaling sboxred three phases x.Mle the same 
samples sbo^-’^ed only t'TO phases aft^r ayu.i>-ali f at 900 C xoj. 

5 days indicating that tlx 5 day annealing -t 500^0 was no. 
spjfficiont for bomo.,eiiizatiom. Subsequently, iu wa'^ icuno. t’ rt 
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Cl 4 day a-xical at 90C®C (o:" ’ ijicr tiico scxi'^a.i -t 900 °C) !i'’r'''j.coc’ 

tliw ram:- l^licrcBtru.ct■:^“c o'." ti-c alloyo as in a, 5 o* 

a lo .^,er oincaj., Peace, all olloye \iere a mealed an 900°C 
for 4 dais's aior finally cuc-nchcd x tap laatar. Hie a ncalcd 
alloys fforo also scored ir tic ovaca. -ted dericcator, 

lietallOG3:^pphic Ana-lysis; A snr .l 1. and repreeertacive portion 
of t’-o annealed alloy van caken ?ron nlie auicalod sajcpiw for 
mocallo^'ra due p.nrljsie, A vertical soot- on from t>je uolted 
button, Viiich voulo oPox' up any se_,xe ja.tion or inhomoyorexty 
of thu pliasos, "vas reneraiiy so3,i.-ctod for tris purpose, 
samples for metallO',’rr'ohy x’^ero mounted in incite, 'fhe nounted 
samples xforc polished om l/O t^'roi’y! 4/0 enary papers, 
i^ixxailjr, t,be Ganp3.es x:ore polieied on a uhool covered vitli 
microclotJa usiny 0*5u alumina- poa^der suopended in vat or ac 
the p-brasivG. A-^ter pclisliini,tle samples mere tliorou ^lily 
vc-shod X'riLtI: water, I’lnscd ’P tb alcohol and dried under a. hiyh 
speed blovrer. The sam‘ 03 _ce xrere chocked u.idor an optical 
microscope in the as-polisaed condition to detect t.le presence 
of inhomogenoitio-- a^id oxides. The polished s-a-mplos ve’'’e then 
etched to reveal the nicrostructi-xrcfi , The etc'iin;, reagent 
used (lital) consisted of 2.5 '3l* cone. HJTO^ in 97.5 ifL of 
pure meuhanol. All tre samples verc eocn'.d to t: - same exteut 
so that different sa^aplcG processed in t’^e same ixanner covlo 
be compa-rod. After etclun”, the sa’^les mere thoroupily wae^’ed 
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With wauer, rxnsod wit’ aT.oobol and dni d ’me’ i* a 
-h' conG'jotrn.tion o. tin. acid in t. o Q-cor.'-r.t ‘ iid t ‘o ol,cb-ixxt 
ti^i’a x^oro ‘nied do.’ co a of the caripl -c obxai" bettor 
contrast j’jioa, p*- '..ca, A 1 po'cc-’i. ritpd. scr'tio ' ’.-ac 
found auit'^hlD for rovoalin ^ three p’^'^eco in some of t'''c 
5- ph-se alloys. 


X-ra^e Diffraction Analysis: Aho.-.t 3 to 4 gms of tlu a-in.^a.icd 

sample v?^ used for x-ray diffraction wo eh, 2 x 0 ^t of the 
alloys were ver 3 '- hrittl^, and so it was easy to pre^^'-re -300 
mesh powder uoin^ steel and agate mortars and pestles. Bafc, 
some of the high fc allO 3’'0 wero found to ho conparativei.y 
tough and grindin , had to be continuod till thu x^holc ii'tenal 
passed tlirough tho sieve. Since th^ diffraction pattemo with 
the as-crushed powder produced s’a''Xp diffraction linos, tre 
powders were not a_meaiod before taking diffraction patterns, 
Dor ph'se id e-’tifi cation, tb- diffractometer patterns 
were obtained usin_ a, 0,E. XRD-6 diffractonoter with unfiltered 
Cr-radiation at 30 E7, 17 i*iA. Tho criterion used in choosin,; 
ths diff ractoncter in comp-'rision with the Debye— Sch error 
technique and the radiation were : hif^' resolution of the di- 
ffractometer, hi^h resolution da.o to the long wave lungtZ, of 
Gr-radiation and shorter time to obtain a diffraction p' tter"’. 
All the diffraction patterns were obtained in t^c aii^ul-r range 

of 30® 20 i The diffractomcier conditions used in 
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reco'fdin; tl:.' dif:fraction p^tteriiw vare scaiini’"' ; s^-^e'd of 

2^/ 'an, slil spste.' 5^ I'lil Idl / 0,2°, tin^ conotart of ^,0, 

« 

a ran^'e of 500 cpo on'’ a cIi: rt s_jc'd of 50 /ra’’, Unfiltered 

radiation woo used so thaf "the xrea‘- pja’:.'- coxild bu detectod, 

SoEio of t-. voi'y wealt pear.-, lioxieve.*, could nou b> clc'^x.ly 
Seen in the diffraotoEi"ter traces becf’use of r .asOiiabl 3 r i-_’gc 
rioi>-.e in the recordin, syt'-*, Por nh' Se anrlysir tL- diff- 
raction traces of pxxrc cr n arly ptire phases were used ae 
standard patterns for cenparison uith other diffraction traces. 
The diffraction prtter'is of oure or n ~a, f y nu "e phases wore 
tairn usin,, a 114.6 ;mi di Deiyo-Sch error Caiora, These di- 
ffraction p'^tterns were ’tsed for proper ide-njificatron, 
through indexin,, of th^ diffraction pa.tterm^, of phases. 

An exposure of 9 brs. With unfilbered Ca-rfldiation at 50 KV 
and i5 gave good diffraction p- tto'-ns. After tl e x-ray- 
work xTas compl-ted, tliC pox:dere<3 samples wore stored ir 
evacuated ai-^d sea’’ od pjerox gl* ss tubes for' fiituic use, 

I II , 2 The rmel Ar ^1 ysi s; 

Por deterr'-iiiing the melting points of EE-Co-Fo c3.1oyc. , 
the thermal analysts app -"ratu-j described ii CliiJter II "'"as 
used. Since th'.. EE-Go allo^eo are reported to react xjith 
■^'2^5 c^-o4bles (50) sped 1 prGcau-(f.ons were taken to avoif 
da.aage of th. fu'enace assembly dee to seepage of matnri i 
through th' crucible, T-’’^o concearnc, sintered Al 20 ^ cr’.cibles, 



5 ncfcead of ono, vqiq iiscd for k,',epinf, i:l'w .iia^;cr±, i. Since 
m jlfin,; points o'" ■f':, inve^>tlgated 'fcernrr;' ciloy'' could not 
to ^ .quoasod frcni the ■bin''r;j- s, ate".s, fo”* th: first tri^'l I'^u'i a. 
alloy wif too lowest -?e uas ckosci. It was ex, ctod t'- t 
its i.i'itm , point would not bi.' far fron those by t’_" b 3 ~ 

i ry dir _r,'"'f'f , in avail b] ; HB-Co-i'e two-pli so ( eoni-si'/anj, 
RnCo^ rnd tyo' pb sos) alloy witi T.oast amount of 

Fe was chosen a' d ij war root in tl r locally n'de ll 20 ^ 
crucibles. After k.opin^ t cn’.cibl'S in th . fmauce, tic 
fum'oe c}aa■nb^.r "as evacu ted and flushed with argon gas 3 or 
4 tiin'S, Since th j tier foct'upi ^ w^'S to b^ prouect''’d with a 
t'rin AlgO^ oil jath and it war. no'c kroun hc" t i. th, rnoccupl 
sheath would boh vo in tne moi-ver. RE aJloy, in the first run 
it wa.s nopt outside the melt. The f -"nace was heated i>p sio'iy 
and whon the tenpcrat’ire reached about 1350^0 (’niona fro’ 
tho applied volta'.’c, see Appendix I) ti o then, oco'iplc alow ^ 
with its protection slicath wa.3 pushed inro th,. raolt so as to 
st-rt theniai analysis. But, this attempt was uiiooccessfji 
because th'' na.teri^l i'e tho crucible was found to bo in par- 
ti!.lly poltcn condition. Later, r relatively pure I‘Zr(Co,Eo)[r 
alloy close to the bin ry (which was CxP^-cted to have lower 
molting tGupoTCturc) was used for thermal analysis. This 
ciXw, tho thcrmocouplo along xath tLo -^2*^3 kept, 

inside th nat ria3. fren f_c begia win , Ther-Xi analysi.^ run 
was made following ti.e proceduro given in Oh"'’>ter II, 
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±xl,3 So.-perr.ir.^’c iloasuro. icr-t; 

For de^;ermini3ag Curio tenpej^'t ir cs of BE-Co~Fe 
alloyo, an app ar*a.i:ur fatoacated "by F. C. Kittal (57) was used. 
I u essG''rtxrlly coriSlstad o'f’ a niclirorao-wound furnocc 

kept in a Tacuuv ohcrihQv - a p’rrox gj. ss b^ll jar wi'ch a lo<i, 
tub' at its +op, A sealed end ‘br'^s- tube inserted ir*jo toe 
f;i:meco clan.ber tl ,-ouyh an *0’ rinp joxnj could be laoved up 
ov dene fer 3 . 0 ^ crinj -'r raiqir^ tiic saripl’o,5he sxEplc was kepi 
xn a quartz tube hung from th bottom end of the brass tube. 
For measuring th,’ temperature, a thermocoupl : waS inserted 

into the laaterici t'.rou h u* e brass tub^f an aluminr, sheath 
’^as used fo'o protectin'" th" th'rriocouplc. in induction coil 
kept over th long "tehe po-'-cion of the ci'mbcr T^as used fo:>' 
determining the flux ch-'ngG as a ihmction of temperature* A 
dif f :re"iitial method tms adejt ed to measure S2ia3.1 ch'ai es in 
Xi*duced voltage, A rectjfjer circuit with pro-vision fo“' 
contiiiiiouo bal'-’ii.cing of th^ rectified voltn-ge to a near null 
vol'ca,qo was used fo'* converting the A.C. signal tc a D.C, 
signal. ^?hf D.C, output voltage from th.- roetifi'r circuit 
was amplifi d usin a D.C, microvolt amplifier with variou'S 
D.C, ranges C0-l00y,V full scale to 0~l000 Y full scale) and 
recorded on a Sargent Strip chart recorder. 


Foj* dGjer'i'iin t * Guru temperrtu’rog of diffcrei- 
phasec ac a. inunction, of aaicmt of Jc, sf-*^ . pbrse, tvo p'-'sc 
as "’Oil as tiiroG ph-'So alloys w.r^ used. Ehc sample aloi 
wxsh tTi cilxca shoath. was iiept in the- cu^xtz tub- aid t'-, fi 
nocouplG ua' xnsertod into the 3?,iica sheatb, A.?tcr pultirj 
tbo px’oporiy cl^'aned ’0’ rxn ’S in t-'Oix respoctxTc posxaiono, 
tl- chri.bsr "'as evacu- trd ( 'jz lO*''^ xx Eg pressure) using 
rotary and diffusion puaus, Th sample was inserted into t " 
fvmacc CLid was heated a,bove its Ourii- temperature. It ^^as 
then brought into t'jic induction coil, Ih^ baiai'cing cxrduiJ 
was ciuickly activa,tod to got a near null roltag''-, Shea, t\e 
voltage WExs recorded cortanuousiy on the rcco'-dcr, Ihc 
Specimen tGrapera,ture ‘t-as road con<;inuousiy wiah tbe help of r 

pote^tioDoter and recorded on th- strip chart recorder, Th 

majamu''. inaccuracj’^ of notxn,'; tlio temperature in t lis rethod wai* 

about 2^ to 3*^0. Ihreo to four rune' were ra-dc with each 

sample to ch-ck t- reproducibility, Por r'asons describ -d 

in the results sectiose, a siir#itly difforoT^t proccduj-c was 

adopted in I'^ter runs. Before loweririg the sample into tliD 

furnace, the ferrace x^as heated upto 900^0 (or 950°G if 

required) , th'^ same temperr;fer-re at w’iich the sample iias 

annealed. Ihcn ti c sample was lowered into th fire: ne, ¥her 

thf sample temperature reached 900 *^ 0 , it was immedia.tely 

pulled out and placed in t'-c induction coil. Iho output volt- 

‘•J . i- ^ ’ 

age as well as the tompcratr.rG wore 

No, A 
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recorder. Sufficient cas’o was toJeen to prevent the vacuum 
charalDGr from gettin_, heated up, 

III*4 lia-'n.ctic Easy Axis Detormir' iion: 

As has b:on pointed out xn th iiil-rod;.utxon section, 
th - oasjr axis of na .jt etxza jion of BECo^ and EE^Go^^ alloy: 
are either alon , the crjr ta^ lographic c-axis or in the 
basal plan If th' powdered samples c^ nsist of sin;l,o 
domain particles, tb^^n in a small ma,,netic ficld.th- loo' c 

powders are expected to align themselves aion,, tliw cas axie, 

I- sioh oriented sampl'^-s, the particles will arrar^o tlx.naclvcs 

with tbexr oas;/ axis aion i the direction of tee magnetic fluid 

but will ha.VG raj..don oriertafcionr around this easy axis. 

Ihis aligned sped: cn is thus siralar to a sample with wire 

texture. Hence, flie oriented specimen diffraction patteim 

should sho’w siuilai* streaky pattern as is obtained with drawn 

wires or fibres. Thus t'xe easy magnetisation axis can be 

determined in the same way as the wire axiL is detorr.'i''cd. 

For pre Bering the oriented sample of alloy 51, a 

small amount of -300 :icsh powder was takc_. on a card and a 

small SmCOc magnet was placed below the card. A littlu 
5 

;jti.ggling of t!ae na,pict produced short thin na'notically align- 
r,eodles standing erect on th. card. These needles were frozen 
in by spraying Ja^on clear plastic spray on tho'u The magnet 

was then removed ad the needles were removed by scraping vhe 
paper with a ^arp razor blade. Of the large number 
of needles produced, the thinnest and the most 


55 


Tiniforr' onr- C dot err’ in -d uy v cuel obSG-.'Tition.) war noun Sod 
in a 57.5 iJn die Woissonberg Canera and e. powder pattern was 
recorded. The diffraction p'^ttern ob lain' id sh.ox/cd basically 
continuous Dobyo rings xfitb indications tiiaS son', of t'lc difj.- 
ractr.on li.iss have ' on-nmiforn intensit; di.-tribution. Since 
the alloi 51 Was ao z Mhc c tough coirpared to som^ other alloy, 
of higher RE conte't, it was tho'rght t^"' t the surface layers 
of thj particles mi Jh.t ha’«'"o got some pl-'Stic flow durin__, th„ 
m chanical grinding opv,r. tion causing app'^xent rando.ix.oss and 
honce were producing continuous Eebyc ri". s, lo renovo th^- 
disturbed layers from th.. particle surface, th.. alloy powder 
was subsequently etched by 5 percent nital for 50 secs, The 
diffra-ction patter:* obtarned with th- etched powder slio^rog 
clear streaky pattcr_i as is expected fro_ a well aligned 
specimen. After loeatin-o the ideal position of the diffractior 
spots on the intensity streaks of th.c diffraction patteni, the 
position of the same snots on a flat filti, kept at -tta. sane 
distance fron the spocime i as the cylindrical fnm, was deter— 
rained by jeonetrical pri-iciples. Then th ; standard procedure 
for Wire texture determin'-'tion was adopted. 
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CHiPTER IV 

RESQIIS iJTD DISCUSSION 
IV, 1 Phase Equilibria: 

Some of the rare earth elements present in Misch- 
metal have coirplete solid solubility x/hereas others have 
extended solubility among themselves (35). For an indivi- 
dual transition oetal (Mn, Pe, Co or Ni), the binary eyaten^ 
with different rare earths exhibit similar binary phase 
e<luilibria, This is in general true also for the non— 
transition metal-rare earth binary systems. Hence, when rare 
earth elements are present together, as in Mischmetal, the 

phase equilibria is expected to be similar to that of the 
rare earth binary systems. The work of Fishman and Crowe ( 34) 
on the MM— Mg system indicate that this assumption is a reason- 
ably good one. Assuming that the above observations are in 
general true, the MM-Co-Fe system can be represented as EE- 
Qo-Fe system, where RE stands for the rare earth elements 
present in MM, The RB-Co-Fe system was studied ih this in- 
vestigation through metallographic as well as x-ray diffra- 
ction techniques. For phase analysis by x-ray diffraction, 
standard patterns of the EEOo^ and RE^Co^.^ phases (57) were 
utilized. The phase analysis results of the 900°C annealed 
alloys are tabulated in Table IV, l. The isotheimal section 
of the RE-Oo-Fe system drawn on the basis of the above analysis 
is represented in Fig, IV. l. Some of the alloys were 
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T/iBLS lY.l 

Pliase Analysis of the EE-Oo— Pe Systen 
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C- ■’iicaJ.ly analysed, Tbr i3 tended and a alysed conposit3.one 
showr in Sabi - IV, 2 x-.-c^ieai:o tl t the lossofl arc o.ioll. Sine* 
the analysed conposatior-S are voxy c3.osc to tie iat .ided o" s, 
the pies, oouilihraa s’ o^- ^ 1. ffii, IV. 1 Is co cr dra^e. o: 
tl' - basis of fi'. X -tended conposatio’^.- of ^3 loys. 

In PiGiirc IV . 1 several dasJ. dot ixn s an'o drav'. elo y 
cortair consea.'_t ?-E co.itonts to rcprer'cnt tie hypoth tical 
A^B., qursi-biie ri.„c corr.-spo -din^ to 'ih^ hiyh cob'^lt RB-Co 
■oh''Sca,Qf t'l' so o^iasi-bx' -ry li.* s, the AB 2 ond -^ 2^17 
are dra''’n’ botxTcen tlio ilB— Oo and SE— j?e hi._ori ^ h can c ir 
both those systv. . the AB^ and -^“ 2^17 p’.asos -'‘xxst an?, 

csrbcneion of t’n sc phases fro one biinary to xLc oidi.- :y 
cxi t alo: ; those li'ios. On the other hanO., the obher A 
li'ics are dram only upte the nxddle of t .e ternary di''’gran 
(those A^^ compounds arc not fon— d in the SB-Bo syctor.) to 

indicate thru these A^y phases nay cxfce.id to some nxt'rt 
along those lines, I,. tJiis investi^a,ti^n only a part of the 
RB-Co-Fo sy'tei nac S'budied. I" t._c investigated region of 
the SB-Co-Fc syctc.i, besides the ^^2.1 phase two noT^ 

phases, A-phasc and S-phaso, were foimd to cxi't. A, eng the 
investigated alloys, only t^?o alloys, alloy 12 with 15 at, 
pet. Fc and alloy 14 wit]' 20 at, pet. F., were found to hnvc 
the ElpCo„ type phase as the ray or pl.asov alloy 14 was 
found to have three phases (Fig, IV, 2) whereas tn. alley 12 was 
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T/^LS IV. 2 

Ghenical ilnalysiG of Sovoral RB-Oo-Po illoys 
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Oonuosition. wt -DGrcent 
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I 

Pe 

i Oo 

i 

t 

\ 

f 

t 

'T'e j 

Go 

30 

15.84 

54.34 


15,3 

54.C 

35 

46,42 

30.29 


46.2 

30.1 

41 

20.99 

54.04 


20.8 

53.4 







Fig, IT* 2 Microstructrure of ^loy 14 (200 X ) 

Photograph shows only two phases^ HB 2 Co,^type 
phase (dark natrix) and EBCo^ type phase 
(bright second phase) 
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ii^vin;" o;'i]T "brc phases. Xh' soeonf czil 
■fell 3c rj.loy'- wor > ir. TCj'ir s.'rl'’. c'noi 3 Ji‘'s;s 


"t p!'’''So& In. 

ojY her oe. these alloyc 


could h ccasldcrcd as ho v'drjr;- alloys. Since tl-. EE^Oo^ 
ph^'se osis b o m the BE~Cc syoto - of Oo, La and Fd, tl.s 
tlroo n-jor cocponc. ts of I-2I, ib i.. e^ro^-cted teat tl: i.d^Corj 
chase g 2 c 1 g-js. The ES^Co.^ bt*p , cl so at lou Ec concoutrations 
was not st’ei’ied. Proa tn nii^sc " alysi'- of the ES-Co-Pc 
alloys, lb appears t: at t’ e EEpCo^ t,’',’!) ‘ ph se extends fron th>. 
EB-Co hi-ary up bo at least about 20 at. pet. Pe. On-., chara- 


cturT.’tac foa'buro of the oxto_ saon of tliO EE 2 C 0 Y pha.se into 
tl o t m-'Ty is that t!i- phase region devi. tes fron t] o hy- 
pothetical -^2^7 towards hijher CCo,Pe) side, ^hilc 

no da/ca on phase ’-xt®',sion of the A^rj t:,'pe phase is 
avail ''bio ir tu litoratcTe, so.k obsexuratxonc have been 
riaho t:ith rosnoct to AB^ tonpounds, Buschoxr (50) and Tcoylor 
and Poldy (58) could ^'ot produce single phase sateples of 
EE( Go^^^Pg^)^ , where EE = Sm or Y, wioh larger amounts of 
Po ( :: 5 porcenv) unless the stoichionctr:- was allowed to 
shift b''''ards hi^^^or (Co, Pc) side, 

Th-. S-ph'-se aapears to bo 0 babl - over a reason ably 
vido Pg concer-Gratiens. Th ; lowest sued highest Po contents 
i: th' S-ph''.so were cstiu-ted thr'.ugh too Picrc-Stiuctuve and 
x-ray diff-^’action analyst * Th- x-'ap dif 'ractioi p-tt„r„^ 
of alloys 3-14,15 and 50 showed diffraction lines due to the 
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SE^Cor^, EEOo^ and S phases. On net alio graphic analysis, 

the Sane alloys revealed two phases when 2.5 percent Nital 
was used hut on using 1 percent Nital three phases could be 
clearly seen (Eig, IV, 5), Colouration produced on one of 
the phaSGS nasked the third phase when 2.5 percent Hital was 
usedr The alloys 8 and l4, out of the four three phase alleys, 
contained the third phase EECo^ in quite snail anounts 
indicating that these alloys were close to one side of 
the three phase triangle. In an attenpt to draw the 
three phase triangle, it was found that the three phase 
comer av the S-phaso is near about 2l at. pet, Ee. Thus, 
the lower Ee Unit of the S-phase is possibly at 2l at„ pet 
Ee or is at a sonewhat lower Ee concentration, ’At the bigiicr 
Ee Side of the S-phase the alloy 5l has two phases, the 
anount of second phase being very snail (Eig, IV, 4). The 
r-ray diffraction pattern of alloy 3l showed the S-phase 
lines together with a fow weak lines possibly due to the 
second phase. The allojr 55 also showed two phases, the 
Second phase was in snail anounts and looked the sane as the 
second phase in alloy 31. The diffraction pattern of alloy 35; 
however, indicated that besides all the lines present in 
alloy 31 y there were sone weak lines and that -Sie relative 
intensity relations of the S phase lines were not quite the 
sane as in alloy 3l or alloy 51 diffraction patterns. This 
indicated that the alloy 35 had three phases - the S phase, 
the X phase, to the higher (Co,Ee) side of the S phase, and 




Pig. IY .3 Micros-tracture cf iilloy 15 (lOOO Z) . 

Photograph shows three phases^ phase 

(dark matrix), £ phase (bright second phase) and 
HECo^ t3^e phase (bright needle like structure) 
which is in very snail amount. 



Pig, IV , 4 I'licrostiucture of Uloy 5 l (200 Z) 

Photograph shows two phases 5 S phase (matrix) and 
Z phase (bright) in small amounts. 


m. 
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the T ph=>,se, rjo-sihly at a hifjher Fe conte-it, The z-rap 
and met aiic graphic ote em^a :? onp on a.lloy 55 inoicate that 
the S p^^rse possibly extends to a Fe content less than 
55 at. pet, le. Tenlatively, thas li'ic has bee. sho'm in 
Fxg, j.Y,i as abon.j 5l at. pet. Fe. Letallographic obseivasic. 
on alloy 51 (?ie. IY.5) and alloy 51 indicate t’-at tno S- 
phase leT-on is rather narro'". It is 'noi-aifrom the literat c 
thrt ti c KZ^Co^rj phase extends fron t. e hS-Co systai to the 


^2^®17 ■the EIl-?e bin-r- (59). Tbo S-ph"se extends 

almost pan-allel to t; e -^ 2^17 close to it.‘ 

This rnsic^tes that fc .e extension of tbe t^-pe nhase 

must be tc t.ie hij^her (Go,Pe) side of the -^ 23 ^,^ line. It 


is possible 
vjoi d en ui f i od 


that tho X phase is the ilB^Co^,^ type ph «se. The 
diffraction lines in t_io diffraction patterns 


of ailo3'^ 51 arri a3 loy 55 were too few to identif^r tliC x phase 
as tho RS^Co^^ t3pe phase. Th . A phase vas foand to exte^^d 
alony the same direction of the extension as the ilS2Co>j t3pe 
ph-se. Alloy 52 showed two phases* aELnost in equai amounts, 
in the nicrostiuctaro (ITig. IV .6 ) and tie diffraction patter, 
showed t'l.. diffraction lines due to the A and HS^Oo^ t3pe 
phases . The positj on of alley 52 relatiTe tc the 2^2^07 ^ P- 
P’lise and the A ph-se indicates th-t t]ie A phase region 


expends at least do;Ta to about 55 at. pet. Po and the 
■typo pr-ase extends at leasj uptc 25 'at. pet. Pe. Alloy 55 
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Pig, IV. 5 Microstructure of iaioy 5l (400 X) 

Photograph shows two phases:^ S phase (natrix) 
and A phase (dark second phase) in snail ano'fnt'' 



Pig, IV, 6 Microstructure of Alloy 52 (400 X) 

Photograph shows two phases^ HE 2 ^o^ type php'^c'' 
and A phase (bright second phase) 
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55 £‘Go pcx, Pe was found to have two phases, none of which 
resemblec"! the A or S phases, The diffraction pattern showed 
lines which matched with the S phase lines observed in 
a-llcy 55^ This indicates that the alloy 55 possibly has the 
T pha'='o and a phase phasqf, iTith higher RS content then 

the A phase. Since the alloy 55 has two phases, a three 
phase region between alloy 55 and A phase is expected, Cn 
this basis, the extension of the A phase region to higher 
Pe side has been shown to be about 55 at, pet. Pe, Alloy 5^- 
shewed two phases in the microstructure (Pig. IV, 7) and 
the diffraction pattern showed the diffraction lines due to 
che A phase and another phase, y phase, possibly a phase 
^Tith ’ligher RE content than the A phase. Alloy 42 showed 
two phases in the microstructure (Pig, rv,8) and the diffra- 
ction pattern showed the diffraction lines due to the A and 
3 phases. The micro structures of alloys 54 and 42 clearly 
showed that the second phases in these alloys were different- 
Thus, alloy 42 and alloy 34 are on either side of ihe A pboso. 
A comparison of their compositions indicates that the A ph'iec 
region is rather narrow. With increase in Pe content, the 
A phase region was found to extend towards higher (Go,Pe) 
side and at about 52 at, pet, Pe it crossed the AB^ line. 

This composition wi n be useful in determining the crystal 
structure of the A phase. 


Pig, IY,7 Microstructure of llloy 54 (200 X) 

Photograpli shows two phases^ Bright A phase and 
dark Y phase. Black spots are probably pits. 



Pig, IV, 8 Microstructure of illoy 42 (400 X) 

Photograph shows two phases^ A phase (dark 
natrix) and S phase (bri^t). 



62 


Alloys 17 and 25 "were found to have two phases in 
micro structure hut uheir x— ray diffraction patterns revealed 
the presence of A, S and SE 2 ^ 0 y type phases. It is possible 
that like in alloy 35, the three phases are not revealed 
by the etching reagent used. On the basis of the x-ray diff- 
raction data these alloys are shown within a three phase 
triangle drawn between A, S and EE^OOy phases. 

The diffraction patterns of S and A phases are very 
similar to that of the RS 2 Co^Y Pliase. Por easy comparison, 
the diffraction pattems of A, S and RE20o^Y phases are 
shown in Pig. IV, 9 iu. a modified manner. The diffraction 
peak positions are shown as vertical lines drawn at the app- 
ropriate 20 values, the height of the lines represents the 
relative intensities of various diffraction lines. The 
diffraction peaks of the A, S and EB 2 Co^Y pliases in the loxf 
angle region of the diffraction pattern overlap considerably 
and cause difficultj?- in identification of the three phases 
if present together. The diffraction peaks in the high 
angle region of the diffraction pattern are relatively widely 
spaced and for phase identification these peaks have been 
found valuable. 

Since the diffraction patterns of the A and S phases 
resemble that of the EB 2 ^®i 7 P^iase, an attempt was made to 
index those diffraction patterns with the help of the EB 2 ^°X 7 
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structure. A characteristic feature of the hexagonal 

structure (Pig, IV.iO) is that it can he thought in terms of 
stacking of blocks consisting of two atom layers, one with 
a layer of Go atoms only and the other, a mixed layer of RE 
and Co atoms. Hexagonal or rhombohedral structure 

can be generated by stacking those blocks after shifting - each 
block with respect to the other through a distance l/3 [1 lO] 
IV«ll). The sequence ah ah,,,, generates the hexagonal 
®^ructure and the sequence abcr aho'*.., generates 
the rhombohedral EE 2 Cu^r^ structure (Pig. IY.12). One 
important feature of such layer structures is that the basal 
plane dimensions, i,e., the a parameters, do not change when 
the structure changes from hexagonal to rhombohedral symmetry 
(eg. a parameter of a- and p-Ge^Co^^ are same (l5)), only 
the c parameter changes due to addition of one more block 
in the rhombohedral structure. The diffraction patterns of 
the A and S phases being quite similar to that of the rhombo- 

hedral RE^Co^^Y phase, the structures of the A and S phases 

may be obtained through proper stacking of blocks, keeping in 
mind the stoichiometry of the phases. As a preliminary step 
towards determining the structure of these phases, the 
diffraction patterns were tried to be indexed. Since many of 
the diffraction lines of the A and S phases match well with 
those of the IlE 20 o^,^ structure, an estimate of the c and a 
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parameijers was made using "tlio hkl indices of tiiese lines 
on file ba,sis of file rhomboliedral REgCo^Y sf^rucfure. Since 
in the rhomholiodral RE2Co^Y structure there are three blocks, 
height of each block can be calculated from the determined 
c parameter. Assuming that the S and A phases are multi- 
block structures, the c/a values for structures having upto 
ei^t stacks of blocks were calcula,ted. Indexing of the 
diffraction patterns of the two phases was ti*iGd with a Bunn 
chart at these pre-determined c/a values, The most probabip 
lattice was determined in ea.ch ca.se by comparing the observed 
d values with the d values calculated on the basis of indexirg- 
Eor the A and S phases, bhe indexed patterns are shown in 
fables IV. 3 and IV. 4. 

fhe diffraction pattern of the A phase ( alloy 42) 
could be indexed on the basis of a hexagonal cell with lattice 
parameters, a = 8.495 A°, c = 22.663 A° and c/a = 2,668, 
corresponding to a stacking of 5i- blocks, IThe indexed pattern 
of alloy 42 is shown in fable IV, 3. fhe diffraction pattern 
of the S phase (alloy 5l) could be indexed on the basis of a 
hexagonal cell with lattice parameters, a = 8,551 A®, 
c=l2,405 A° and c/a = 1,45 » corresponding to a stacking of 
3 blocks, fhe indexed pattern of alloy 51 is shown in 
fable IV, 4. fhe lattice parameter of the S phase is the same 
as the corresponding However, there are extra 
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TL3^I1 IY.3 

2-ray Diffraction Pa.ttorn cf the A-phaso 
He^asonal Cell - a = 8.495 c = 22.665 n and c/a = 2.66S 


xT 0 * 

I 

t 

{Relative 

’Intensity 

-X 

1 

f 

? 

! 

h k 1 

I 

'"oh served 

1 

t 

I 

f 

[ 

calctilated 

1 

YW 


202 

5.495 


5.499 

2 

Y¥ 


007 

5.252 


5.238 

5 



204 

5.060 


5.085 

4 

M 


107 

2.962 


2.965 

5 

YV/ 


205 

2.855 


2.856 

6 

Y¥ 


116 

2.805 


2^25 

7 

M 


211 

2.745 


2.760 

8 

Y¥ 


212 

2.679 


2.701 

9 

S 


009 

2.520 


2.518 

10 

S 


500 

2.447 


2.452 

11 

M 


215 

2.575 


2.570 

12 

YW 


00,10 

2.267 


2.266 

15 

¥ 


10,10 

2.176 


2.166 

14 

YS 


505 

2.152 


2.157 

15 

YS 


220 

2.125 


2.124 

16 

YYS 


217 

2.107 


2.109 

17 

YS 


209 

2.072 


2.078 

18 

S 


00, 11 *,506 

2.058 


2.0604 2,057 

19 

¥ 


11,10 

1.999 


1.999 

20 

YS 


00,12 

1.890 


1*890 


i 




Ta'mB 

IT", 3 ( contd) 

r ^ 

j ^ 

jine 

* T\ ^ 

{Relative { 
{Intensity { 

5 1 

h k 1 

T 4 ' • ■ ' ' . 

I “observed 

I 

I 

T- 

1 

1 calculate 1 

Vi 

71/ 

a 9*, 315 

1.862 

1,866jj1,860 

22 

7¥ 

308 

1.858 

1.854 

23 

7V¥ 

229 

1.630 

1,624 

24 

77>J 

410 -,411 

1.603 

1.606i?l,6a 

23 

V¥ 

319*, 325 

1.584 

1.585 -,1.532 

2S 

M 

30,12 

1.496 

1.496 

27 

M 

20,14 

1.482 

1.482 

28 

7¥ 

502 

1.457 

1.459 

29 

7¥ 

417 

1.436 

1.438 

30 

77¥ 

00,16 *,330 

1.416 

1.4164^1.4159 

31 

77¥ 

418 

1.397 

1.397 

32 

7V¥ 

422 

1.381 

1.380 

33 

V 

33 4 

1.375 

1.374 

34 

¥ 

507 

1.341 

1.340 

35 

77¥ 

00,17^ 

1.333 

1.333 

36 

7V¥ 

336 *,31 ,13 

1.325 

1.326U.325 

37 

7¥ 

40,12 

1.317 

1.318 

38 

¥ 

11,17-, 509 

1.271 

1.27241,270 

39 

¥ 

40,13 

1.265 

1.265 

40 

S 

30,16 

1.228 

1.227 

41 

S 

600^ 

1*226 

1.226 

42 

¥ 

602 

i.as 

i.a9 


TiiJBLE IV. 3 (contd.) 
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^These lines v^ere m cd for calculation of lattice paraneters. 
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TiiBLS 17.4 


Hexagonal cell 

Z- 

-ray Diffraction Pattern of the 
- a = 8.551 2. , c = 12.4045 

S-phas e 

and c/a = 1.451 
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T;3LE 17.4 (contd.) 
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^ These lines were used for calculation of lattice p©raneters 

^ These lines could not be indexed. They are possibly due to 
inpurities like oxides., 
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diffraction lines in tiie S phase pattern '•■/hich indicate that 
the atomic ordering in this ca.so is different than in the 

No attempt was made to determine the 
complete crystal structure of these phases, 

The diffraction pattern of 1^200^ phase (alloy 12) 
has heen indexed on the basis of a hezagonaCL Oe^±rj tjrpe 
structure with a = 4.974 c = 24.948 A° and c/a = 5.007. 

The indexed pattera of alloy 12 is shown in fable IV, 5. All 
the diffraction lines, however, could not be indexed;^ there 
are abovit five diffraction lines (weak and very wea.k lines) 
which could not be indexed, fhese lines are not due to the 
other phase present in alloy 12 viz, the ISCo^ phase. Ihey 
may possibly be due to impumties like oxides. 

Since for rl,l the phases no ^ngLe phase alloy ^ras 
available, for determining lattice paramefters of the A and S 
phases as a function of Fe content, two phase alloys with the 
least amount of second phase were chosen. With the help of 
two hi^ angLe reflections of each phase, the lattice parame- 
ters of the two phases were calctaated. The calculated lattice 
parameters of the A and S phase alloys are tabulated in 
Tables IV, 6(a) and (b) and are shown in Figs, IV. 15(a) and 
(1)) as a fxmetion of iron content of the alloys. As shown 
in the figure, the lattice parameters of the A phase alloys 
are pra,ctically unaffected by the addition of Fe. In the case 
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Z-ray Diffraction Pattern of the - Type Pliase (alloy - IP.) 

(Hexagonal Ce^Jlj. - type structure) 
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TiJBLE I'7,5 (contd.) 
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like oxides. 


®These lines were used for calculation of lattice paraneters 
Uote;- Eey to synbois used in the Tables 

YW : Very Very Weak S ; Strong V¥ : Very Weak 

VS : Veiy Strong W : Weak VVS ; Very Very Strong 

M: Mediun 
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TiiBLE IT. 6 

Lattice Paraneters of S and A phases in the RL-Oo-Pe Systen 
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12.351 
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40.0 
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12,360 

1.44 

31 

50.0 

8.572 


12.365 
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of "the S pliase, "botli file and c parameters are found to 
Increase 'with addition of Pe, As mentioned above, the 
S phase esTJonds in a direabion a.lmost parallel to the 
line. fbus_, the total EE content in the S phase alloys remains 
almost the same and the added iron is, then expected to replace 
the cobalt atoms in the S pha.se stracturo. Since the atomic 
radius of iron is not much different from that of cobalt 
( Ch 12 atomic radix are being compared), the change in a 
and c parameters with replacement of Co by Ec is expected 
to be small* Contrary to the expected behaviour the lattxce 
parameter data of the S phase in Eig. IT^i^Cb) indicate a 
large variation in c and a parameters with increase in Ee 
content^ the increase being more for c than for a. Similar 
observations have been reported for the HB_(Co*Ee) „ phases 
by day et al ( 59) « fhesc authors explained tho abnormal c- 
axis expansion in terms of the combined effects of increased 
magnetic ordering tenperatures of the BE2Ee^^ phases conferred 
by the addition of Co and negative exchange interactions between 
certain atoms . in the structures* In the present case the 
S phase structure is not known and whether a similar e3q)lanation 
for the change in lattice parameter of tho S phase is appli- 
cable or not is not known- In the case of the A phase, the 
added Ee is expected to replace partially the ES atoms because 
the EE content decreases xjith increase in Eg content. Since 
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the atomic radius of Pe is substantially less than that of 
RE it is expected that the A phase lattice should contract as 
Ee is added. It is possible, however, that Ee replaces 
RE in pairs as in the compounds. In that case increase 

in c parameter is expected. Contrary to these expectations, 
the c and a parameters of the A phase remain unaffected on 
addition of Ee. In the absence of detailed structural 
investigations, it is difficult to explain the lattice para- 
meter variations of the S and A phases, 

IV, 2 Easy Axis of Magnetization: 

In the present investigation, the easy axis of magnetiz- 
ation was determined by using a magnetically aligned 
needle of powder material and a Weissenberg. camera. In 
taking a powder pattern with the needle formed from alloy 51 
powder it was found that a good pattern, showing the streaks 

corresponding to preferred orientations caused by magnetic 
alignment of powder particles, could be obtained when the powder 
was etched with Rital to remove the disturbed surface layers, 

A similar observation has been reported for the Sm 2 ( CojEe)^^^ 
alloys by Sergeyev et al. (6l). These authors could improve 
the coercivLty of the Sm 2 ( Go,Ee)^,^ alloy powder by removing the 
disturbed layers from the particle surfaces by etching the 
powder with citric acid. The easy axis of magnetization 
for the etched powder of alloy 51 was found to be along the 
c— axis, Eor the other S phase alloys the easy axis has not 
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teerL deiierniined. In 1:h.e litJerature ii; has "been mentioned that 
the addition oi about lO percent iron to the Miyi2Co^^ phase 
changes the easy magnetization axis from hasal plane to 
c— axis (Pig, 1,9) end this c— axis ma^gnetic symmetry is 
maintained upto about 50 percent Pe (27). Ihe eai^-ier investi- 
gators, however, are not clear in stating the exact compositions 
of the alloys chosen. It appears from their report that the 
alloys used were along the -^2^17 1^^®* this is the case, 

it is possible that these authors failed to distinguish between 
the -^^2.7 ^ phases. The S phase region is vei^ close 

to and is almost parallel to the -^2^17 extends from 

somewhere around 20 at, pet, Pe to about 50 at, pet, Pe which 
closely agrees with the composition range in which the c-axts 
magnetic symmetry has been observed in the MM-Go-Pe phase. 

Thus, it appears that the magnetic S3rmmetry change is not 
because of Pe addition in -^2^17 formation 

of a new phase. If this is true, then the SE2(Go,Pe)^Y 
which appears to have deviated to the higher (Co,Pe) side, 
should continue to show baSal plane magnetic S3rmmet2:Tr between 
the EE20 o^,^ and RE2J'e^^ coii5)ositions. 

IV, 5 Curie Temperature; 

Induction method was adopted for determining the Cuiie 
temperatures (^q) oi the EE— Co— I'e alloys. In the initial 
runs when the sample was kept inside the furnace from the 
beginning (i.e. during heating up of the furnace) variation 
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In Cnmc ■fcex'aperature was 'bserre^ wlien the same specimen "'as 
cycled semoral times threap the Curie tenpera,ture, This 
indicated chat the mat err al was undergojng some transf ormaticn- 
To reduce bhe exreii'b of transformation, the material was Iccpt 
at the h'lgh 'bemperaturcs for rhe minimum time possible. I‘o 
ach? eve 'bhiSy the furnace was first heated upto 900^0 (or 
950^0) , the temperature at which the alloys were initially 
annealed, and then the specimen was lowered into the furna.c . 
to hea,t it upto 900°0 or On reaching the temperab-ure 

the specimen was drawn in;o the induction co5.1 and allowed 
cool, Se-^eral traces obiained with the alleys containing 
different phases are sho‘'xx in ¥3gs„ IV, 14 to 17,17. As sho'cn 
in the figares, the /? A and S phase alloys registered 

clear increase in induced -^ol cages at the Chirio temperatures. 
But, in the case of the alloys large fluctuations 

in the induced voltage were observed. In the case of alloy 90 
a throe phase alloy, two peaks in the 

induced voltage vs temperature traces were observed as shorn 
in Fig. IV. 16 , Fhe two temperatures correspemd to the S and 
RECo^ phases. The change in induced voltage duo to Curie 
temperature of the RB 20 o,^ phase could not be seen deajaly-, 
a small break in the traco am about 7l5^C (the ^phoxinata 
Curio temperature of tio phase) was, however, obseryod. 

This is possibly because of the presence of only srmill amoui • 
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of KE^Goy phase in allojr 50. In general, a snail driff 

ohserved when the same spccxtien was used repeatedly for Cuif.c 

temperature determination. Hence, the T value obtained in 

o 

the first or the second n,ir was considered to be accurate. 

The Ourie temperatures of different alloys are tabulated in 

I.iblo IY.7 and the I values are plotted as a function of 

Fe content of the alloys xu Fig, IY.18, As shown in the figure, 

the Curie temperatures of various phases a.ppear to vary 

smoothly I'Jith Fe content. Among the variety alloys investigated, 

the Curie temperatures of the A phase alloys are the lowest 

and those of the S phase alloys are the hipest. For the 

S phase the Curie temperature appears to increase initially 

(upto about 25 at. pct.Fe) but with further additions of Fo, 

T decreases. In the case of the A phase, the Curie tempera- 
o 

ture decreases with increase in Fe, the decrease being less 
marked initially. For 1ho HB2^°7 Curie temperat-xre 

increases with increase In Fe. For the binary EE-Co alloys ^ * 

the addition of 'Fe is reported to decrease the Curie tempera- 
ture (see Fig. 1.8), Hut, as shown in Fig. IV,18, the Curio 
temperatures remain attractively high even after substantial 
amounts of Fo addition in the S phase. 

From the data on the CurdLe temperatures and the easy 
axi^ of magnetization of the BE-Co-Fe alloys, it appears that 
the S phase offers the maximum potential for the development 
of permanent magnets. If the prediction 1diat -the HB 2 (Co,Fe)^^ 
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table it, 7 

Curie Tonpc ratiires of jEiE-Go-Ec Alloys 
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50 
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48 

S-phas G 

25 

835.0 

6 

51 

S-phasG 

55 

800. C 

7 

51 

S-phas e 

50 

700.0 

8 

42 

A-phase 

40 

568.0 

9 

53 

A-phase 

46.5 

552.0 

10 

54 

A-phase 

50 

513.0 


I 
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phase reported in literature (32) actually corresponds to 
the S phase is true, then very high magnetization values are 
also expected for the S phase. Even otherwise, since the 
addition of Ee is reported to increase the saturation magne- 
tization (30), it is expected that the S phase will have 
higher saturation magnetization values compared to the binary 
RECo^ alloys. Thus, the S phase is expected to have better 
magnetic properties compared to the EEGo^ type and R^gOo^^ 
type phases. Also, it offers hi^er economic advantages 
compared to the EECo^ and EE2^°l7 compounds because it takes 
more of iron tkan the RECo^ type compounds and more of misch- 
metal than the SE 20 o^Y type compounds. 


IV, 4 Thermal Analysis: 

Thermal analysis was tried with alloys which were 
not from the group of alloys investigated. The reason for 
this vas that (1) due to the material used xn the construotion 
of thermal analysis apparatus, It could he used only upto 
1400°0 and (2) the approximate range of melting points of the 


investigated high Po alloys could not he guessed. Hence, 
for first trial rvuis the alloys investigated in the present 
uork were not suitahle. Because of these reasons, tvo alloys 

with the lowest Pe content possible, 13.25 at. pc . , 

r, o Qt; Pt uct. Pe and l6.42 at, pet. RE, 

83.8 at. pet. Co and 2.95 at. per. 

79.'92 at. pot. Co and 3.66 at. pot. Pe (57) were made use of. 
The usual melting points of EE-Co alloys between BHO05 and 



RE^Oo^rr pliT-SGS r.rc xn the of 1200°G tc 1350*^0, fho 

M2I-Co alloys of sinilar co aposi-ulons (but with no Pe) arc 
also Gicpoctod to show 3 xr ^a,r tronsformtion tenpero.turcs, 
Henoo, f^itri 2 to 4 pe'^ccr .. Tc addition (a'’ is present in the 
chosen elloys) the neltin_, points are not expected to be too 
fer off fron the binary cres-, She first thomal analysis run 
was node ".nth the 2,95 at, pet, Pe alloy containing EECo^ 
and REpOc^y phases, Ixj. f"'ls trial run the themocouple 
shep.th was kept outside tl o clloy charge vjhile the furnace 
vras being heated. VJhen 'I'ho furnace tenperaturo reached 1350 ^’^ 
the themocouple along ‘.n’ th the sheath wa.S tried to be 
pushed inbo the nelr, fhis wa,Sj however, not possible. 

Raising the furnace toapcT'cturc to 1400°C also did not nako 
it possible to insert th^ themocouple into the melt. On 
cooling the furnace the alloy charge in the crucible was 
found to have melted because the granular material charged 
had become a solid moiss sir Giving that melting had occured, 

The possible reason why The thermocouple could not be inser- 
ted in*the melted mass is the presence of large amount of 
solid RB^Co^y phase ha,ving melting point hi^er than 1400°C. 
Molten part of the alloy .s possibly the RBCo^ phase of lower 
melting point. Even thou^ thermal analysis was not possible 
with RE-rOo-Ee alloy one important observation made was that 

no reaction of the melt occured with the crucible even though 



tlie crucible was in contact with the hot alloy for nore 
three hours and with tho nolten alloy for more than l/2 hr. 

A second trial run was made with a high SB alloy having cnl, 

the EBOo^ phase. Since no reaction between the nateric], 

cha,rged and the alunina crucible was visible in tho provictis 
trial, in the second tiuol run the thornocouplo along viith 
the alunina sheath was inserted in tho charge fron the very 
beginning. The furnace was heated upto about 1250°0 but at 
this point the furnace failed and the thernal analysis could 
not be carried out. On opening the thernal analysis apparatus 
it was found that a part of the furnace assenbly had burnt 
out, Tho naterial charged was again found in the fom of a 
solid nass. There was no reaction between tho nelt and the 
crucible or the thornocouplo sheath, Bo further work could 
be carried out with this apparatus, 

Even though tho thernal analysis work could not 
be carried out with the present set up tho trial runs 
indicated that (l) tho crucibles fabricated were suitable 
for nelting as well as carrying out thernal analysis work 

of tho EE-Oo-Be alloys, (2) the EE^Oo^Y piia®® having about 

5 at. pet. Be had considerably higher nelting point than tho 
binary EB20o^Y phases anc" (3) the nelting point of EE(Go,Bg)^ 
alloy containing about 4 at, pet. Be had a nelting point 
below 1250°G, The furnace assenbly in the thernal analysis 
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apparatus worked quite w-n at 1000°G and oven at 1400°G 
during cai-ibration and tre first trial run. The tenperaturo 
control end control of h.-'ating and cooling rates was quite 
satisfactory for carrying out bhemal analysis with snail 
anount of naucrial. 

The foi-lure of che furnace in tho second Trial run 

is not clearly understood, Paeluro nay he caused hy oxida- 

. to 

tion of Mo re and The oxide reacting with dlunina^auso 

fusing of the refractory nass. Purified argon gas was used 

for protecting tho furnace elenent. A leak in ihe gas 

purification system and supply line is a possibility. Since 

no abnormality was found m tho gas flow, +ho chance of a 

largo loai^" is remote. Moreover, oxidation does not appeor tc 

bo the real cause becaus 3 tho charge was BE alloy and 33 

elements being very reactive arc expected to act as a getter 

thereby saving Mo from oxidation. The Mo wire in the sound 

portion of tho furnace assembly also did not show any evidence 
of oxidation. Similarly, the RE-Oo-Ee alloy charge was found 
to bo dean and free from any oxido layer. Because of those 
observations, it appears that tho failure of the furnace was 
possibly not duo to oxidation. The only other possibility is 
the local excessive heating giving hi^er temperature am 
certain portion of the crucible and thereby melting tho 
refractory cement used for holding the Mo winding on the fij _ 


former. 
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2110 easy axis c2 nagneti.zction of fhc S phase i 


n-long the c-axis. 

V) 2ho S phase p a.iong the three pheses found an rh 

irn^’estigation, appear to offer the naxinun pocentiaZi fc’^ : 
deuoiopnent of pernciiGiit nsgnets. The S phase alloys he / ^ 
high Ourr-j; benperatures. The 3 phase aloe cshihits The 
dosirahlo easy c-axis nagnotic symotry. 

8) The thernal analysis apparatus designed can he 

used, after naking snail chaages, for deternining the nel" 
points of alloys using snail anounts of nateriais. 


aJCT&ESTIOHS 


Basinc on the results ottainod in the prosor'c 
investigation, the folloving suggestions can oe nade ‘ 

studies in this fields 

1) The exact composition of MM can he dotcrr:m*. 
in order to establish the correct conposition ranges cf 
different Iffl-Oo-Eo phases existing in the isothemal sccti' 
at 900°G. 

2) Detailed si-^ctura,! investigations of the 1 ard 
S phases con be carried cat in order to explain the lattice 
paraneter variations observed in these phases as a feinction 
of Fe content, 

3) The easy axes of nagnetization of the S phaso 
alloys can be deternined as a function of Be content to 
ensure that the c-axis nagnetic S 3 ?nQetry is naintainod through' 
out the S phase region. 

4) Even though the themal anaSiFsis apparatus v’ 
to bed)le to detemine the nolting points of the idB-Co-Fe 
alloys, a DTA apparatus is expected to give a nore sensiri 
detection of nelting points using still snaller anoemts 
charge. Since the presen'-. TA apparatus can be converted ersi„ 
to a DTA apparatus, such a conversion seens to be •worth’ahilG- 

5) The prinar 3 nagnetic properties (M^ and ^ + 

the HB-Co-Fe alloys, particularly the S phase alloys, cm bo 



cLcternincd in order to 


Gt-' ablish the optimn conposiri^n 


devclopinc "tiie pernrnent 


.agnets , 


6) Since the 
can he d'.rected at the 


S phase appears to he pr^nising, 
:',hrication of negnets fron the & 


alloys .. 
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